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Description 

FIELD OF THE INVEfJIION 

s This invention relates to a human complementarity determining region (referred to as "CDR** hereinafter) grafted 

aniitxxiy to ganglioside GM2 (referred to as "GM2'' hereinafter). This invention also relates to a DNA fragment encoding 
the above-desaibed antOxxiy. particularly its variable region (referred to as region" hereinafter). This invention 
relates to an expression vector which contains the DNA fragment and to a host transformed with the expression vector. 
This invention further relates to a method for the production of the human CDR-grafled antibody specific for GM2 and 

10 to its therapeutic and diagnostic use. 

BACKGROUND OF THE INVENTION 

It is known in general that, when a mouse antibody is administered to human, the mouse antibody is recognized as 

15 foreign matter in the human body and thus induces a human antbody to a mouse antibody (human anti-mouse anti- 
body, referred to as "HAM A" hereinafter) which reacts with the administer^ mouse antibody to produce adverse effects 
(Diltman, R.O. et al., J, CUn. Om:oL. Z 881 (1984); Meeker, TC. et aJ., Blood, gg. 1349 (1985): LjoBuglio. A.R et al., J. 
Natl. Cancer Inst., sa 932 (1988); Houghton, A.N. etaL, Proc. Natl. Acad. ScL as.A., .^ 1242 (1985)). and the 
administered mouse antibody is quickly cleared (Pimm. M.V. etal., J. Nucf. Med., 26. 1011 (1985); Meeker, TC. etai, 

20 Blood, ga 1349 (1985); Khazaeli. M.B. et al„ J. Nail. Cancer Inst., SSL 937 (1988)) to reduce effects of the antibody 
(Shawier, D.L etai, J. Immunol. , 1530 (1985); Courtenay-Luck, N,S, etal.. Cancer Res. , AQ, 6489 (1986)). 

In order to solve these problems, attempts have been made to convert a mouse antibody into a humanized antibody 
such as a human chimeric antibody or a human CDR-grafted antOxxiy. The human chimeric antibody is an antbody in 
which Its V region is derived from an antiixxiy of nonhuman animal and its constant region (referred to as *C regton** 

25 hereinafter) is derived from a human antibody (Morrison, S.L et at., Proa Natl. Acad. Sd. US. A . SL 6851 (1 984)). Fur- 
thermore, it is reported that, when this type of antibody is administered to human, HAMA is hardly induced and its half- 
life in blood increases six times (LoBuglio. A.R eiai, Proc. Natl Acad. ScL US. A.. 86. 4220 (1989)). The human CDR- 
grafted antibody is an antibody in which the CD R of human antftxsdy is replaced by other CDR derived from nonhuman 
animal (Jones. RT. etal.. Nature, 321. 522 (1986)). which is also called a reshaped human antbody. It is reported tiiat. 

30 in a test of a human CDR-gmfted antitxxdy in monkeys, its immunogenicity is reduced and its half-life in t^lood is 
increased four to five times, in comparison with a mouse antibody (Hakimi, J. eta/., J. Immunol., 147. 1352 (1991)). 

Also, with regard to the cytotoxicity of antitxxiies, it is reported that the Fc region of a human aritibody activates 
human complement and human effector cells more effectively than the Fc region of mouse antibody. For example, it is 
reported that human effector celt-mediated anti-tumor effects of a mouse antibody to GD2 is increased when the anti-. 

35 txxiy is converted into a hunran chimeric antibody having hunoan antibody Fc region (Mueller, B.M. ef a/., J. Immunol., 
144. 1382 (1990)), and similar results are reported on a hunrtan CDR-grafted antitjody to CAMPATH-I antigen (Reich-, 
mann. L et ai.. Nature, 332. 323 (1988)). These results indicate that humartized antitxxiies are more desirat>le than 
mouse antibodies as antilxxiies to t>e clinically used in human. 

Ganglioside as a glycolipid having sialic ackl is a molecule which constitutes an animal cell memtxane, and com- 

.40 prises a cartxxi hydrate chain as a hydrophOic side chain and ^ingosine and fatty acid as hydrophobic side chains. It 
is known that types arvi expression quantities of ganglioside vary depending on the cell ^edes. organ species, animal 
species arKi the like. It is known also that the expression of ganglioside changes quantitatively and qualitatively in the 
process of cancer development of cells (Hatomori, S. et al., Cancer Res., 45, 2405 (1985)). For example, it is reported 
that gangllosides GDg. GD3, GM2 and the like which are hardly observed in normal cells are expressed in nerve ecto- 

45 derm system tumors considered to fiave high malignancy, such as neuroblastoma, pulmonary small cell cardnoma and 
melanoma (Pukel, C.S. eial., J. Exp. Med., 1133 (1982); Nudelman. E. etal., J. Biol. Chem, 2SL 127S2 (1982); 
Werkmeister. JA etal.. Cancer Res . 4L 225 (1987); Mujoo. K. ef a/.. Cancer Res., 42. 1098 (1987); Cheung. N.V. et 
al.. Cancer Res. . 4§, 2642 (1 985); Tai. T. et a/., Proc. Natl. Acad. Set. U.S. A. , 8Q. 5392 (1 983)), and antibodies to these 
gangfiosides are considered to be useful for diagnosis and treatment of various cancers in human. 

50 It is indicated that human anttoodies to GM2 are useful for treatment of himan melanoma (Irie. H.E ei ai., Lancet, 
I, 786 (1989)). However, the antibodies to GM2 so far reported are erttier those which are derived from nonhuman cuii- 
mal or a human antibody belonging to the IgM class (Natoli, E.J. et ai.. Cancer Res., 4& 41 16 (1986); Miyake, M. eta!.. 
Cancer Res., 4a, 61 54 (1988); Cahan, L.D. ef a/., Proc. Natl. Acad. Sd. US.A . 73. 7629 (1 982); Fredman, P. etal., J. 
Bid. Chem., 264. 12122 (1989)). The antibody of the IgM dass. however, is unsuitable for applying to human, because 

55 it has a pentamerk: structure having a large molecular weight (about 900,000) in comparison with the antikxsdy of IgG 
class which has a molecular weight of about 150,000, thus posing a prot>lem in carrying out its purificafa'on, in addition 
to ottier prx>blems such as its short half-life in blood and weak anti-tumor effect (Bernstein, I.D. aS., Monodonal Anti- 
bodies, Plenum Press, p^75 (1980)). 
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Because of the above, it is desirable to develop a humanized antibody to GM2 of the IgG class ¥vhich, when applied 
to human, does not indix^e HAMA in the human body, causes less adverse effects, shows prolonged haff-lrfe in blood 
and has improved anti-tumor effect, so that its high diagnostic and therapeutic effects on human cancers can be 
expected. 

5 The inventors of the present invention disclose in JP-A-6-20S694 (the term "JP-A" as used herein means an "unex- 
amined published Japanese patent appfication'O (con-esponding to EP-A-0 598 998) a method for producing an IgG 
dass human chimeric antbody and a human CDR-^rafted antibody, which can specifically reacts with GM2 and are 
useful for diagnosis and treatment of human cancers However, there are no reports on a human CDR-grafted antibody 
which, when compared with a human chimeric antibody, has similar levels of blinding activity and binding specificity for 

10 OM2 and anti-tumor effects upon GM2-positive cells. 

SUMMARY OF THE INVErmON 

As desaibed in the foregoing, it is considered that human CDR-grafted antibodies are useful for diagnosis and 

15 treatment of human cancers and the like. However, the anttoody activity is reduced ¥vhen the CDRs of the heavy chain 
(referred to as "H chain* hereinafter) V region and light chain (referred to as "L chain" hereinafter) V region of an anti- 
txxiy of nonhuman animal are replaced only with the CDRs of the H chain V region and L chain V region of a human 
antibody, so that great concern has been directed toward the estat>lishment of a method for the production of a human 
CDR-grafted antibody to GM2 belonging to the IgG dass (referred to as "human CDR-grafted anti-GM2 antixxfy" liere- 

20 inafter) which, when compared ¥vith a human chimeric antttxxjy. has similar levels of binding activity and t)inding spe- 
cificity for QM2 and anti-tumor efforts upon QM2-positive cells, as well as a method for producing a human CDR-grafted 
antibody, which can be applied to all antitx)dies. 

This invention relates to a human CDR-grafted antibody which specifically reacts with ganglioside GM2, wherein 
said antikxxiy comprises CDR 1 . CDR 2 and CDR 3 of H chain V region comprising amino acid sequences of SEQ ID 

25 NO:1. SEQ ID NO:2 and SEQ ID NO:3 or functional equivalents thereof, and CDR 1. CDR 2 and CDR 3 of L chain V 
region comprising amino add sequences of SEQ ID NO:4, SEQ ID NO:5 and SEQ ID NO:6 or functional equivalents 
thereof, arvl wherein at least one of the frameworks (referred to as "FR" hereinafter) of saki H chain and L chain V 
regions comprises an amino add sequence selected from common sequences (hunran most homologous consensus 
sequence (refened to as "HMHGS" hereinafter) derived from human antibody subgroups. 

30 Furtiiermore, the present invention relates to the above human CDR-grafted antitxidy, wherein said FR of H chain 
or L chain V region of the human CDR-grafted antibody comprises an amino add sequence in which at least one amino 
add is replaced by an other amino acid, and wherein said antibody has antigen-binding activity, binding specificity, ant- 
body dependent cell mediated cytotoxicity (ADCC), and conriplement dependerit cytotoxicity (CDC) comparable to 
. those of a human chimeric antil>ody having a V region of a mohodonal antit>ody derived from nonhuman animal wtiich 

35 spedftcally reacts with ganglioside QMa^ 

Moreover, the present invention relates to the above human CDR-grafted antibody, wherein said H chain C regfon 
of the antibody is derived from an antitxxly befonging to the human antibody IgG class. 

BRIEF EXPLAfvlATlON OF THE DRAWINGS 

40 

Rg. 1 shows a construction scheme for a plasnn'd named pBSA. 

Fig. 2 shows a construction scheme for a plasmd named pBSAE. 

Rg. 3 shows a construction scheme for a plasmid named pBSH-S. 

Rg. 4 shows a construction scheme for a plasmid named pBSK-H. 
45 Rg. 5 shows a construction scheme for plasmids named pBSH-SA and pBSK-HA. 

Rg. 6 shows a construction scheme for plasmids named pBSH-SAE and pBSK-HAE. 

Rg. 7 shiows a construction scheme for plasmids named pBSH-SAEE and pBSK-HAEE, 

Rg. 8 shows a construction scheme for a plasmid named pBSK-HAEESal. 

Rg. 9 shows a construction scheme for a plasmid named pBSX-S. 
50 Rg. 10 shows a construction scheme for a plasmid named pBSX-SA. 

Rg. 1 1 shows a construction scheme for a plasmid named pBSSC. 

Rg. 12 shows a construction scheme for a plasnvd named pBSMo. 

Rg. 13 shows a construction scheme for a plasmid named pBSMoS. 

Rg. 14 shows a construction scheme for a plasmid named pChilgLAI S. 
55 Rg. 1 5 sfx>ws a construction scheme for a plasmid named pMohCic. 

Rg. 16 shows a construction scheme for a plasmid named pBSMoSal. 

Rg. 1 7 shows a construction scheme for a plasmid named pBSMoSalS. 

Rg. 18 shows a construction scheme for a plasmid named pBShCyl . 
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Rg. 19 shows a construction scheme for a plasnHd named pMohCrl . 

Fig. 20 shows a construction scheme for a plasmtd named pMor1 SR 

Fig. 21 shows a construction scheme for a plasmid named pMoicyl SP. 

Fig. 22 shows a construction scheme for a plasmid named pKANTEX93. 
5 Fig. 23 shows a construction scheme for a plasmid named pBSNA. 

Rg. 24 shows a construction scheme for a plasmid named pBSH3. 

Fig. 25 shows a construction scheme for a plasmid named pBSES. 

Fig. 26 shows a construction scheme for a plasmid named pBSL3. 

Fig. 27 shows a construction scheme for a plasmid named pKANTEX796H. 
10 Fig. 28 shows a construction scheme for a plasmid named pKANTEX796. 

Rg. 29 shows a construction scheme for a plasmid named pT796. 

Fig. 30 is a graphic representation of transient mouse-human chimeric anti-GM2 antibody expression t}y tiie plas- 
mids pKANTEX796 and pT796. The ordinate denotes the antibody concentration that showed QM2-btnding activity, and 
the abscissa denotes the time after introduction of the plasmid. 
IS Fig. 3 1 shows a construction scheme for a plasmid named pBSH1 0. 

Fig. 32 shows a construction scheme for a plasmid named pBSL16. 

Fig. 33 illustrates a process for mutagenesis by PGR and a process tor cloning ONA fragments mutated. 
Fig. 34 shows a construction scheme for a plasmid named pBSLVl42. 
Fig. 35 shows a construction scheme for a plasmid named pBSLnv28. 
20 Fig. 36 shows a construction scheme for a plasmid named pBSHSGL 
Fig. 37 shows a construction scheme for a plasmid named pT796LCDR. 

Fig. 38 stiows a construction scheme for plasmids named pT796HLCDR. pT796HLCDRHV2 and 
pT796HljCDRHV4. 

Fig. 39 shows a oonstruction scheme for a plasmid named pT796HLGDRH10. 
25 Rg. 40 shows construction scheme for plasmids named pT796HCOR. pT796HCDRHV2. pT796HCDRHV4 and 
pT796HCDRH10. 

Fig. 41 is a graphic representatkxi of the results of human CDR-grafted anti-GMs antilxxiy activity evaluation in 
terms of transient expression as obtained using the plasmids pT796. pT796HCDR. pT796HCDRHV2, 
PT796HCDRHV4 and pT796HCDRH1 0. The ordinate denotes the plasmid used, and the abscissa denotes the relative 
30 activity value with the activity obtained with the chimera antibody t>eing taken as 100%. 

Fig. 42 shows a construction scheme for plsismids named pT796HLCDRLV1 . pT796HLCDRLV2, 
PT796HLCDRLV3. pT796HLCDRLV4. pT796HLCDRLV8, pT796HLCDRLm-2, pT796HLCDRLnv8. pT796HLCDRLm- 
28 and pT796HLCDRHSGL. 

Fig. 43 is a graphic representation of the re&uHs of human CDR-grafted anti-GM2 antibody activity evaluation in 
35 terms of transient expression as obtained using the plasmids pT796. pT796HLCDR, pT796HLCDRLV1 , 
pT796HLCDRLV2. pT796HLCDRLV3. pT796HLCDRLV4, pT796HLCDRLV8. pT796HLGDRLm-2. pT796HLGDRLm-8. 
pT796HLCDRLm-28 and pT796HLGDRHSGL The ordinate denotes the plasmid used, and the at>sdssa denotes the 
relative activity value with the activity obtained with the chimera antixxly being taken as 100%. 

Fig. 44 shows a construction scheme for plasmids named pKAm'EX796HLGDRLm-28 and 
40 pKANTEX796HLCDRHSQL. 

Fig. 45 shows electrophoretic patterns obtained for mouse-human chimeric anti-GM2 antibody KM966 and purified 
human CDR-grafted anti-GMz antibodies KM8966 and KM8967 by SDS-PAGE (4 to 1 S% gradient gels used). The pat- 
terns shown on the le^ side are those obtained under reducing conditions, and those on the right under nonredudng 
conditions. From the left of each lane, the electrophoretic patterns for high-molecular-weight mariner. KM966, KM8966. 
45 KM8967. low-moiecular-weight marker. KM966. KM89G6 and KM8967 are shown in that order. 

Fig. 46 is a graphic representation of the GIVl2-binding activities of mouse-human chimeric anti-GMg antibody 
KM966 and purified human GDR-grafted anti-GM2 antibodies KM8966 and KM8967. The ordinate denotes the GM2- 
btnding activity, and the abscissa the antibody concentration. 

Fig. 47 is a graphic representation of the reactivities of mouse-hunwn chimeric anti-GM2 antibody KM966 and puri- 
50 fied human CDR-grafted antirGMg antbodies KM8966 and KM8967 against various gangiiosides. The ordinate 
denotes the ganglioside species, and tiie abscissa the bNnding activity. AcQMg stands for N-acetyK3M2, Q0QM2 for N- 
glycolyl-GMg. AcGM3 for N-acetyl-GMg and GteGMS for N-glycolyl-GMa. 

Fig. 48 is a graphic representation of the reactivities of mouse-human chimeric anti-QM2 antitxxiy KM966 and puri- 
fied human GDR-grafted anti-GM2 antibodies KM8966 and KM8967 against the human lung small ceil carcinoma cell 
55 line SBC-3. The ordinate denotes the number of cells, and the abscissa the fluorescence intensity. From the lowermost 
graph, the reactivities of control. KM8967, KM8966 and KM966 are shown in that order. 

Fig. 49 c^aphicalty shows the CDC activities of mouse-human chimeric anti-GM2 antibody KM966 and purified 
human CDR-grafted anti-GMg antibodies KM8966 and KM8967 against tfie human lung small cell carcinoma cell line 
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SBC-3. TTie ordinate indicates the cytotoxic activity and the abscissa the concentration of the antibody. 

Rg. 50 graphically shows the ADCC activities of mouse-human chimeric anti-GM2 antibody KM966 and purified 
human CDR-grafted anti-QM2 antSxxfies KM8966 and KM8967 against the human lung small cell carcinoma celt line 
SBC-3. The ordinate indicates the cytotoxicity and the abscissa the concentration of the arttixidy. 

5 Rg. 51 shows a construction scheme for plasmids, pKANTEX796HMlLm-28, pKANTEX796HM2Lm-28, 

pKAfSlTEX796HM3Lm-28, pKANTEX796HM31 Lin-28 and pKANTEX796HM32Lm-28. 

Rg. 52 shovvs the electrophoretic patterns in SDS-PAGE (using 4-15% gradient gels) of mouse-human chimeric 
anti-GM2 antbody KM966, human CDR-grafted anti-GM2 antbody KM8966 arKi human CDR-grafled anti-QM2 anti- 
bodies each having various types of sutistitution. The pattern ot>tained under nonredudng conditions is shown on the 

10 left side and that obtained under redudng conditions on the right side M stands for molecular weight markers (from the 
top. the am>ws indicate the molecular weight of 205 Kd. 140 Kd. 83 Kd, 45 Kd. 32.6 Kd. 18 Kd and 7.5 Kd in that order) 
and 1 . 2. 3. 4. 5, 6 and 7 stand for the electrophoretic patterns of KM966. KM8966. Ml -28. M2-28, M3-28. M31 -28 and 
M32-28, respectively 

Rg. 53 graphically shows the CDC activities of mouse-human chimeric anti-GMg anttoody KM966, hunan CDR- 
15 grafted anti-G^ antibody KM6966 and human CDR-grafted anti-GM2 antibodies each having various types of substi- 
tution against the human lung small cell carcinoma cell line SBC-3. The ordinate indicates the cytotoxic activity and the 
at>sdssa the concentration of the arrtitxxiy. 

Rg. 54 shows a construction scheme for plasmids, pKAf^EX796HLm-28 Nal, pKANTE)C796HM1 Lm-28 tvIo.1, 
pKANTEX796HM2Lm-28 No.l and pKAf^EX796HM3Lm-28 No. 1 . 
20 Rg. 55 sTiows the electrophoretic patterns in SDS-PAGE (using 4-15% gradient gels) of mouse-human chimeric 
anti-QM2 antibody KM966 and human CDR-grafted anti-QMg antibodies each having various types of substitution. The 
pattern ot>tained under nonredudng conditions is shown on tfie left side and that obtain&j under redudng conditions 
on the right side. M stands for molecular weight nwkers (from the top, the arrows indicate the molecular weight of 205 
Kd. 140 Kd. 83 f«. 45 Kd. 32,6 Kd. 18 Kd and 7.5 Kd in that order>and 1. 2. 3. 4 and 5 stand for the electrophoretic 
25 patterns of KM966. h796H-No. 1 . M1 -No. 1 . M2-No. 1 and M3-No. 1 , respectively. 

Rg. 56 graphically shows the CDC activities of mouse-human chimeric anti-QM2 antibody KM966, human CDR- 
grafted anti-GM2 antibodies KM8966 and KM8970 and human CDR-grafted anti-GVl2 antibodies each having various 
types of substitution against the human lung small cell carcinoma cell line SBC-3. The ordinate indicates the cytotoxic 
activity and the at^sdssa the concentration of the antibody. 
30 Rg. 57 graphically shows the GM2-b!nding activities of mouse-human chimeric anti-GM2 antilxxjy KM966 and 
human CDR-grafted anti-GM2 antibodies KM8969 and KM8970. The ordinate indicates the GM2-binding activity and 
the absdssa the concentration of the antibody 

Rg. 58 graphically shows the reactivities of mouse-Niman chimeric anti-GM2 antibody KM986 and human CDR- 
grafted anti-GM2 antitxxjies KM8969 and KM8970 against various ganglloside& The ordinate indicates the ganglioside 
35 spedes and the abscissa the binding activity. A0QM2 stands for N-acetylOM2, QCQM2 for N-glycolyi-GM2. ACGM3 for 
N-acetyl-GMg and GcGMg for N-^jlycolyl-GMg. 

Rg. 59 graphically shows the reactivities of mouse-human chimeric anti-GM2 antOxxly KM966 and human CDR- 
grafted anti-GM2 antibodies KM8969 and KM8970 against the human lung small cell cardnoma cell line SBC-3. The 
ordinsde indicates the number of cells and the absdssa the f luorescer>ce intensity. From the lowermost graph, the reac- 
40 tivities of control, KM^. KM8970 and KM8969 are showri in that order. 

Rg. 60 graphically shows the ADCC activities of mouse-human chimeric arTti-GM2 antibody KM966 and human 
CDR-grafted anti-GM2 antibodies KM8966. KM8969 and KM8970 against the human lung small cell cardnoma cell line 
SBC-3. Ihe ordinate indicates the cytotoxicity and the abscissa the concentration of the antixxdy. 

Rg. 61 graphically shows the CDC activities of mouse-human chimeric anti-GM2 antbody KM966 and human 
45 CDR-grafted anti-GM2 antibodies KM8966. K1V18969 arxi KM8970 against the human lung small cell cardnoma cell line 
SBC-3 obtained when the reaction was carried out for 1 hour and 4 hours after the addition of the human complement. 
The ordinate indicates the cytotoxicity and the absdssa the concentration of tfie antikxxjy 

DETAILED DESCRIPTION OF THE INVEI^iON 

50 

In the human CDR-grafted antbody, only CDRs of the H chain and L chain V regions comprise amino acid 
sequences of an antibody derived from nonhuman animal, and FRs of the H and L chain V regions and the C region 
comprise of amino add sequences of a human antibody Examples of the nonhuman animal iridude mouse, rat, ham- 
ster, rabbit ard the like, as fong as a hybridoma can be prepared therefrom. 
55 Wrth regard to the FR of the V regions of H chain and L chain, any amino add sequence of known human antibod- 
ies can be used, such as an amino acid sequence selected from human antifcxxiy amino add sequences, HMHCS. reg- 
istered at the Protein Data Bank, Preferably, an amino acid sequence of the FR of HMHCS, which has a high homology 
witfi the FR of a monoclonal antbody of nonhuman animal, may be used. 
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As described in the foregoing, the antixxfy activity is reduced when the CORs of the H chain V region and L chain 
V region of an antibody of nonhuman animal are replaced only with the CD Rs of the H chain V region and L chain V 
region of a human anta3ody. In consequence, the present invention relates to a human COR-grafted antibody wherein 
at least one amino acid in the FR off H chain and L chain V regions of the human CDR-grafted antibody is replaced by 

5 an other amino add. so that it can show certain levels of antigen-binding activity, binding ^>ecrflcity arvi antibody 
dependent cell mediated cytotoxictty (AOCC). as well as complement dependent cytotoxidty (CDC), which are compa- 
rable to those of a human chimeric antibody having the V region of a monoclonal antibody derived from nonhuman ani- 
mal which specifically reacts with gangiioside GM2. and to a method for producing the sama 

The replacement of at l^st one amino add in the FR of IH chain and L chain V regions off the human CDR-grafted 

10 antibody of the present invention means that amino add residues desired to be replaced in the FR off H chain and L 
chain V regions of the human CDR-grafted antibody having a human antibody amino add sequence are replaced by an 
other amino acid residues at corresponding positions in the FR of H chain and L chain V regions of a monoclonal anti- 
body derived from nonhuman animal which specifically reacts with gangiioside QM2. For example, at least one amino 
acid of positions 38, 40. 67. 72, 84 and 98 in the FR of H ch£un V region and positions 4, 11 , 15. 35. 42, 46. 59. 69. 70, 

IS 71 . 72. 76, 77 and 1 03 in the FR of L chain V region is replaced by an other amino add. 

Mouse anti-GM2 monodonal antibody Kl^796 (FERM BP-3340. JP-A-4-31 1385) can be cited as an example of the 
monoclonal antibody derived from nonhuman animal which specifically reacts with gangiioside GM2. A chimeric anti- 
GM2 antibody KM966 (FERM BP-3931, JP-A- 6-205694) can be dted as an example off the human chimeric antibody 
having the V region of a monoclonal antbody ¥/hich is derived from nonhuman animal which specifically reacts with 

20 gangiioside GM2. 

Examples of the arrtbody having certain levels of antigen-binding activity, binding specifidty and antftxxiy depend- 
ent cell mediated cytotoxicity (ADCC). vvhich are comparable to ttiose of a hunan chimeric antitsody having a V region 
of a monoclonal antibody derived from nonhuman animal which specifically reacts with gangiioside GM2 indude 
KM8966 produced by a transformant cell line KM8966 (FERM BP-51 OS). KM8967 produced by a transfbrmant cell fine 

25 KM8967 (FERM BP-5106] and KM8970 produced by a transformant cell line KM8970 (FERM BP-5528). 

KM8969 produced by a transformarrt cell line KM8969 (FERM BP-5527] can be cited as an exanrple of the antibody 
having certain levels of antigen-binding activity, binding specifidty. antibody dependent cell mediated cytotoxicity 
(ADCC) and complement dependent cytotoxidty (CDC), which are comparable to thiose of a human chimeric antibody 
having a V region of a monoclonal antit>ody derived from nonhuman anin^ which specifically reacts with gangiioside 

30 GM2. 

A metiiod for producing the human CDR-grafted anti-GM2 antibody is discussed below. 

1. Construction off humanized antibody expression vector 

35 The humanized antitxxJy expression vector is an expression vector for use in animal cells, in which cDNA mole- 
cules encoding the C regions of H chain and L chain of a human antibody are integrated, arxj can t^e constructed by 
inserting the cDNA molecules encoding ttie C regions of H chain arKi L chain of a human antibody into respective 
expression vectors for animal cell use or tjy inserting the cDNA molecules which encode the C regions of H chain and 
L chcun of a human antiixxiy into a single expression vector for aninriEU cell use (such a vector is called a tandem cas- 

40 sette vector). The C regions of human antibody can be any of C regions of human antibody H chain and L chain, cmd 
examples thereof indude y1 type C region (refen-ed to as "Cyl" hereinafter) and y4 type C region (referred to as "CyA" 
hereAnafiei) of the human antilxxiy H chain and k type C region (referred to as "Ck" hereinafter) of tiie human antitxxiy 
L chain. Any expresdon vector for animal cell use can be used, as long as the cDNA encoding the human antibody C 
re^on can be integrated and expressed. Examples thereof indude pAGE107 (Miyaji. H. et al., Cytotechnology. ^133 

45 (1990)). PAGE103 (MizukamI, T. et a/„ J. Biochem., IQL 1307 (1987)), pHSG274 (Brady. G. et aJ., Gene, ZL 223 
(1984)). pKCR (O'Hare. K. et a/, Proc. Natf. Acad, ScL USA., m 1527 (1981)), and pSGlpd2-4 (Miyaji. H. et a/.. 
Cytoiechnotogy, 4. 1 73 (1990)). Examples of the promoter and enhancer to be used in the expression vector for animal 
cell use indude eariy promoter and enhancer of SV40 (Mtzulomi, T. et ai, J. Biochem., Ifll, 1397 (1987)), LTR pro- 
moter and enhancer of Moloney mouse leukemia virus (Kuwana. Y ef aA, Biochem, Blophys. Res, Comm., 149. 960 

50 (1987)) and promoter (Mason. J.O. et a!.. Cell. 41 479 (1985)) and enhancer (QHies, S.D. et al„ Cell, SS. 717 (1983)) 
of immunoglobulin H chain. The thus constructed humanized embody expression vector can be used for expressing 
the human chimeric antibody and human CDR-grafted antibody in animal cells. 

2. Preparation of cDNA encoding the V region of antibody off nonhuman animal 

55 ' 

The cDNA encoding the H chain V region and L chain V region of the antibody of nonhuman animal to GM2 is 
ot>tained in the following manner. 

cDNA molecules are synthedzed by extracting mRNA from ceOs of a hybridoma which produces the anti-QM2 mon- 
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odonal antibody. A Ibrary is prepared from the thus syrithesizeJ cDNA using a phage or a plasmid. Using cDNA corre- 
sponding to the C region moiety or cDNA corresponding to the V region moiety of each chain of a mouse antbody as 
a probe, a recombinant phage or recombinant plasmid having a cDNA which encodes the V region of H chain or a 
recombinarrt phage or recombinant plasmid having a cDNA encoding the V region of L chain is isolated from the library, 
5 and complete nucleotide sequences of the Intended H chain V region and L chain V region of the antbody on the 
recombinant phage or reconrbinant plasmid are determined. Complete amino add sequences of the H chain V region 
and L chain V region are deduced from the thus determined nucleotide sequences. 

KM796 (FERM BP-3340, JP-A-4-311385) can be cited as an example of the hybridoma cells which produce the 
anti-GM2 monoclonal antibody. 

10 The guanidine thiocyanate-cesium trifluoroacetate method [Methods in EnzymoL, 154, 3 (1967)] can be exempli- 
fied as a method for prepering total RNA from hybridoma cells KM796, and the oligo (dT) immobilized cellulose column 
method [Moiecular Cfoning: A LatX3ratory Manual (2nd ed.)] can t>e exemplified as a method for preparing poly(A}'^ 
RNA from the total RNA As a kit for use in the preparation of mRNA from the hybridoma KM 796 cells, Fast Track mRNA 
Isolation Kit; manufactured by Invrtrogen). Quick Prep mRNA Purification Kit; manufactured by Phamriacia} or the like 

IS can be exemplified. 

With regard to the method for synthesizing cONA and preparing cDNA likyary. the methods described in Molecular 
Cloning: A Laboratory Manual (2nd ed.) and Current Protocols in Molecular Biology, supplements 1 - 34 and the like, or 
a method which uses a commercially available kit such as Super Script^ Plasmid System for cDNA Synthesis and Plas- 
mid Ctoning (manufactured by Life Technologies] or Zap-cDNA Synthesis Kit (manufectured by Stratagene] can be 

20 exemplified. In preparing a cDNA lit>rary. any vector can t>e used as the vector into ¥vhich the cDfvlA synthesized using 
the mRNA extracted from the hyt>ridoma ceils KM796 is to be integrated, as long as the cDNA can t>e integrated theren. 
Examples of such vectors include ZAP Express [Strategies, 5, 58 (1992)]. pBluescript II SK(+) [Nudeic Acids 
Research, IZ 9494 (1989)], Xzap II (manufactured by Stratagene). XgtIO, Xgtl 1 [DAM Cfoning, A Practical Approach, 
Vbl.1. 49 (1985)1. Lambda BlueMid (manufactured by Clontech}. XExCell, pT7T3 18U (manufectured by Pharmacia). 

2S pc02 [MoL CetL BioL. a 280 (1983)] and pUC18 [Gene. 23. 103 (1965). 

As Escherichia coii into which a cDNA library constructed by the vector is to t>e introduced, any stmin can be used, 
as long as the cDNA library can be introduced, expressed and maintained. Examples of such strains include XLI-Blue 
NRF' [Strategies, S. 81 (1992)]. C600 [Genetics, 33, 440 (1954)]. Y1088. Y1090 [Science, 22Z. 778 (1983)]. NM522 [J. 
Mol. Biol., 166. 1 (1983)]. K802 [J. MoL Biol., 16, 118 (1966)] and JM105 [Gene, §8, 275 (1985)]. Selection of cDhJA 

30 clones encoding the V regions of H chain and L chain of the antil>ody of non human animal from the cDNA library can 
be carried out by a colony hybndization or place hybridization method in which a probe labeled with an isotope or a flu- 
orescence is used [Motecular Cloning: A Laboratory Manual (2nd ed.}]. Also, a DtvJA fragment encoding the V regions 
of H chain and L chain can be prepared by preparing primers and carrying cut the polymerase chain reaction (referred 
to as "PCR" hereinafter) method [Mofecutar Cloning: A Laboratory Manual (2nd ed.). Cunrent Protocols in Molecular 

35 Biology, supplements 1 - 34] using cDNA or cDNA Ibrary synthesized from poly(A)'^ RNA or mRNA as the template. 

Nucleotide sequence of the DfvlA can be determined by digesting the cDNA clone selected by the aforementioned 
method with appropriate restriction enzymes, cloning the digests into a plasmid such as pBluescript SK( ) (manufac- 
tured by Stratagene) and then analyzing the resulting clones by a generally used nucleotide sequence analyzing 
method such as the didecxy method of Sanger et a!. [Proa Natl. Acad Sa'„ US.A,, 74. 5463 (1977)]. Armlysis of the 

40 nucleotide sequence can be carried out using an automatic nucleotide sequence analyzer such as 373A DNA 
Sequencer (manufectured by Applied Biosystems). 

3. Identification of CD R of the antibody of nonhuman aninrial 

45 Each V region of H chain and L chain of the antitxxjy forms an antigen binding site. Each of the V regions of H chain 
and L chain comprises four FRs whose sequences are relatively stable and three CDRs which connect them and are 
rich in sequence changes (Kabat. E.A. et al., ^Sequences of Proteins of Immunological Intersst", US Dept. Health and 
Human Services, 1991). Each CDR can be found by comparing it with the V region amirx) add sequences of known 
antibodies (Kabat. E.A..ef a/.. Sequences of Proteins of immunotogicalinterest, US DepL Health and Human Services. 

50 1991). 

4. Construction of CDR of the antibody of nonhuman animal 

The DNA sequences encoding the H chain V region and L chain V region of the humeri CDR-grafled anti-GM2 anti- 
a body are otstalned in the following manner. 

First, an amino acid sequence of the V region of each of the H chain and L chain of the human antibody is selected 
for grafting the CDR of the V region of the anti-GM2 antibody of rxsnfuiman animal. As the amino acid sequence of the 
human antibody V region, any of the known V region amino add sequences derived from human antibodies can be 
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used. For example, an amino acid sequence selected from human antibody V region amino add sequences, HMHCS. 
registered at the Protein Data Bank may be used. However, cn order to create a human CDR-grafted antibody having 
activities of interest such as binding activity and binding spedficity for GM2 or anti-tumor effect on GM2-positive cells, it 
is desirable that the sequence has a high homology with the amino add sequence of the V region of monodonal arrti- 

5 body derived from nonhuman animal. Next the DNA sequence encoding the FR in the selected V region amino add 
sequence of human antibody is connected with the DNA sequence which encodes the amino acid sequence of the 
CDR, that becomes the source of the creation, of the V region of monoclonal antbody originated from nonhuman ani- 
mal, thereby designing a DNA sequence wh\ct\ encodes the amino add sequence of the V region of each of the H chain 
and L chain. A total of 6 synthetic DNA fragments are design^ for each chsun in such a manner that they can cover the 

10 thus designed DNA sequence, and PGR is candied out using them. Alternatively. 6 or 7 of each of anti-sense and sense 
DNA sequences, each comprising 35 to 84 bases, are synthesized in such a manner that they can cover the thus 
designed DNA sequence, and they are annealed to form double-stranded DNA fragments which are then subjected to 
the linking reaction. Thereafter, the amplification reaction product or the linking reaction product is subdoned into an 
appropriate vector and then its nucleotide sequence is determined, thereby obtaining a piasmid which contains the 

f5 DNA sequence that encodes the amino acid sequence of the V region of each chain of the human CDR-grafted anti- 
l30dy of interest. 

5. Modification of amino acid sequence of the V region of human CDR-grafted antibody. 

20 Modification of amino add sequence of the V region of human CDR-grafted antibody is carried out by a mutation 
introducing method using PCR. Illustratively, a sense nruitation primer and an anti-sense mutation pnmer, comprising 
20 to 40 bases and containing a DNA sequence which encodes amino add residues after the modification, are synthe- 
sized and PCR is carried out using, as the template, a piasmid containing a DNA sequence which encodes the amino 
add sequence of the V region to be modified. The amplified fragments are subdoned irito an apprc^riate vector and 

2S , then their nudeotide sequences are determined to obtain a piasmid which contains a DNA sequence in which the muta- 
tion of interest is introduced. 

6. Construction of human CDR-tjiafted antibody expression vector 

30 The human CDR-grafted antibody expression vector can be construded by inserting the DNA sequences ot>tained 
in the above paragraphs 4 and 5. encoding V regions of H chain and L chain of the human CDR-grafted antibody, into 
upstream of the cDNA, corresponding to the C regions of H chain and L chain of human antilxsdy. of the humanized 
arrtUxxiy expression vector prepared in the atM>ve paragraph 1. For exanrple. they are inserted into upstream of the 
cDfsiA of desired human antibody C regions so that they are properly expressed, toy introdudng appropriate restriction 

35 enzyme recognition sequences into the 5'- and 3'-termini of a synthetic DNA when PCR is carried out in order to con- 
struct a DNA sequence which encodes amino add sequences of the V regions of H cfiain and L chain of the human 
CDR-^afted antibody. 

7. Expression of the human CDR-grafted antibody and its activity evaluation 

40 

A transformant cell line capat)le of produdng the humsm CDR-grafted antibody can be obtained by introducing the 
human CDR-grafted ant9xxiy expression vector prepared in the Bbct/e paragraph 6. 

Elertroporation (JP-A-2-257891 ; Miyaji, H. et al., Cytotechnology, 133 (1990)) or the like can be used as the 
introduction method of the expression vector into host celte. 
45 With regard to the host cells into wfich the human CDR-grafted antibody expression vector is introduced, any type 
of host cells can be used with the proviso that the human CDR-grafted antit>ody can be expressed therein. Examples 
off such cells indude mouse SP2/0-Ag14 cells (ATCC CRL1581. referred to as "SP2/0 cells" hereinafter), mouse 
P3X63-Ag8.653 ceils (ATCC CRL1580), dihydrofdate reductase gene (refen'ed to as *DHFR gene" hereinafter)-defi- 
cient CHO cells (Uriaub. G. ef a/„ Proc. Natl Acad, ScL USA., TL 4216 (1980)). rat YB2/3HL.P2.Gl1.16Ag.20 cells 
50 (ATCC CRL1 662, referred to as ^62/0 cells" hereinafter) and tiie like. 

After introduction of the vector, a ti^sfbrmant cell line capable of produdng the human CDR-grafted antibody is 
selected in accordance with the method disdosed in JP-A-2-257891. using the RPMl 1640 medium containing 
genetidn (manufactured by Q'tKO. referred to as 'X3418' hereinafter) and fetal calf serum (referred to as "PCS" herein- 
after). By cutturing tfie thus otjtained transformant cell line in a medium, the human CDR-grafted antitxxfy can t^e pre- 
ss duced and accumulated in the culture supernatant. Activity of the human CDR-grafted antitxxjy in the culture 
supernatant is n>easured. for example, t>y tihe enzyme-linked immunosort>ent assay (referred to as "ELISA method" 
hereinafter: Harlow. E. era/.. Antibodies, A laboratory Manual. Cold Spring Hartx)r Latxxatory. Chapter 14 (1988)). In 
addition, production of the human CDR-grafted antitxxJy by the transloraant cell line can be improved in accordance 



8 




EP0 882 794 A2 



with the method disclosed in JP-A-2-257891 making use of a DHFR gene anrpfifying system and the tike. 

The human CDR-grafted antibody can be purified from the aforementioned culture supernatant using a protein A 
column (Harlow, E. et a/., Antibodies, A Laboratory Manual, Coid Spring Harbor Laboratory, Chapter 8 (1988)). Alter- 
natively, other purification methods usually used for proteins can be employed. For example, it can be purified bf carry- 

5 ing out gel filtration, ion exchange chromatography, uHrafitration and the like techniques in an appropriate combination. 
Molecular weight of the H chain, L chain or entire antibody molecule of the thus purified human CDR-grafted antibody 
is measured for example by polyacrylamide gd electrophoresis (referred to as "SDS-PAGE" hereinafter: Laemmli. UK. 
et a/.. Nature^ 227. 680 (1970) or western btot technique (Hartow, E. et al.. Antibodies, A Laboratory Manual, Cold 
Spring Hartx>r Laboratory, Chapter 12 (1 988), 

10 Reactivity of the purified human CDR-grafted antibody with antigens and its binding activity to cultured cancer cell 
lines are measured by ELISA nnethod, fluorescent antitxxiy technique and the like means. Its complement dependent 
cytotoxicity (refenred to as "CDC hereir»fter) activity and antibcxiy dependent cell mediated cytotoxicity (referred to as 
"ADCC" hereinafter) activity upon cultured cancer cell lines are measured by the method of Shitara, K. et a/. {Cancer 
Immunol. Immunother., 3fi. 373 (1993)). 

IS Since the human CDR-grafted antitxxjy of the present invention binds to cultured cancer cell lines of hun^n origin 
in a specific fashion and shows cytotoxic activities such as CDC activity and ADCC activity, it is useful in the diagnosis 
and treatment of human cancers and the like In addition, since most portions of saki antibody are originated from the 
amino acid sequence of a human antibody, when connpared with monock)nal antibodies of animal origins excluding 
hunwi, it is expected that it will exert strong anti-tumor effect without showing imnunogenk;ity and that the effect will 

20 be maintained for a prolonged period of time. 

The human CDR-grafted antibody of the present invention can t>e used as an anti-tumor composition, alone or 
together wr^ at least one pharmaceutically acceptable auxiliary (cannier). For example, the human CDR-grafted anti- 
body is made into an appropriate pharmaceutical composition by dissolving it in physiological saline or an aqueous 
solution of glucose, lactose, mannrtol or the like. Alternatively, the.human CDR-grafted antibody is freeze-dried in the 

2S usual way and then mixed with sodium chloride to prepare powder injections. As occasion demands, the pharmaceuti- 
cal composition may contain pharmaceutically acceptable saHs and the like additives commonly known in thefieM of 
pharmaceutical preparations. 

Though the dosage of the pharmaceutical preparation varies depending on the age, symptoms and the like of each 
patient, the human CDR-grafted arrtibody is administered to animals including human at a dose of from 0.2 to 20 

30 mg/kg/day. The adminisb-ation is carried out once a day (single administration or every day administration) or 1 to 3 
times a week or once in 2 to 3 weeks, by intravenous injection. 

The present invention wnll be iUustrated t>y the following Examples: however, the present invention is not limited 
thereto. 

35 EXAMPLE 1 

Construction of tarKlem cassette humanized antitxxly expression vector. pKANTEX93: 

A tarxiem cassette humanized antibody expression vector, pKAfsrTEX93, for the expression of a human CDR- 
grafted antbody in animal cells %vas constructed based on the piasnrvd pSE1UKlSEd1-3 described in JP-A-2-257891 
40 by inserting a cDN A fragment coding for a human CDR-grafted antibody H chain V region and a cDNA fnagment coding 
for a human CDR-grafted antibody L chain V region into saki plasmid upstream of the human antitxxiy Gy1 cDNA and 
hunwi antibody Ck cDNA. respectively, in the foik>wing manner. The humanized antibody expresston vector thus con- 
structed can be also used for expressing a mbuse-human chimeric cintibody. 

45 1 . Modrfk:ation of Af>a\ and EcoRI restrk:tion enzyme sites occurring in rabbit p-globin gene splicing and poly Asignals 

For making it possible to construct a human CDR-grafted antibody expression vector by inserting human CDR- 
grafted antibody V regions cassette-wise in the form of Not\-Apa\ (H chain) and EcoRI-Sp/l (L chain) restriction frag- 
ments into a vector for humanized arrtit>ody expression, the Apa\ and EcoRI restriction sites cecum ng in the rabbit p- 

60 gtobin gene splicing and poly A signals of the plasmid pSE1UK1SEd1-3 were modified in the following manner. 

Three ^g of the ptasmkj pBluescript SK(-) (Stratagene) was added to 10 ^1 of 10 mM Tris-hydrochloride buffer (pH 
7.5) containing 10 mM magnesium chloride and 1 mM DTT, 10 units of the restriction enzyme Apal (Takara Shuzo) was 
further added, and the digestion reaction was allowed to proceed at 37*'C for 1 hour. The reaction mixture was sub- 
jected to ethanol precpitation. and the 3* cohesive ends resulting from Apa\ digestton were rendered blunt using DNA 

55 Blunting Kit (Takara Shuzo), followed by ligation using Df^ Ligatfon Kit (Takara Sfiuzo). The thus-obtained recombinant 
plasmid DNA solution was used to transform Eschericttia coli HB101 . Thus was obtained a plasmM, pBSA, shown in 
Fig, 1. 

Furthermore, 3 ^g of the plasmki pBSA thus obtained was added to 10 (il of 50 mM Tris-hydrochforUe buffer (pH 
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7.5) containing 1 0 mM magnesium chloride. 1 00 mM sodium chloride and 1 mM DTT. 1 0 tmits of the restriction enzyme 
EcoRI (Takara Shuzo) was further added, and the reaction was allowed to proceed at 37°C for 1 hour. The reaction mix> 
ture was sutsjected to ethanol predprtation, and the 5' cohesive erxJs resulting from Eco Rl digestion were rendered 
blunt using DNA BJunting Kit (Takara Shuzo), followed by ligation using DMA Ligation Kit (Takara Shuzo). The thus- 

5 obtained recombinant plasnvd DMA solution }nsls usol to transform Escherichia coii HB101 . Thus was obtained the 
plasmid pBSAE shown In Rg. 2. 

Then. 3 ^ of the thus-ot3tained plasmid pBSAE ¥vas added to 10 fjJ of 10 mM Trts^hydrochtortde buffer (pH 7.5) 
containing 10 mM magnesium chtorkie. 50 mM sodium chloride and 1 mM DTT. 10 units of the restriction enzyme 
H/ndlll (Takara Shuzo) was further added, and the reaction was allowed to proceed at 37*»C for 1 hour. The reaction 

10 mixture was subjected to ethanol precipitation, the precipitate was dissolved in 20 ^1 of 10 mM Tris-hydrochloride buffer 
(pH 7.5) oorrtaining 10 mM magnesium chtoride and 1 mM DTT. and the solution was divided into two 10-^1 portions. 
To one portion. 10 units of the restriction enzyme Sad I (Toyobo) was further added and, to tiie other, 10 units of the 
restriction enzyme Kpnl (Takara Shuzo) was further added, and the ruction was allowed to proceed at 3T*C for 1 hour. 
Both the reaction mixtures were fractionated by agarose gel electrophores^. whereby about 0.3 \ig each of a Hindlll- 

15 SacW fragment (about 2.96 kb) and a KpnI-H/ndlll fragment (about 2.96 kb) were recovered. 

Then. 3 ^g of the plasmkJ pSEI UK1 SEd1-3 was added to 10 ^i of 10 mM Tris-hydrochloride buffer (pH 7.5) con- 
taining 10 mM magnesium chloride and 1 mM DTT. 10 units of the restriction enzyme Sacll (Toyobo) and 10 units of 
the restriction enzyme Kpn\ (Takara Shuzo) were further added, and the reaction was allowed to proceed at 37*'C for 1 
hour. The reaction mixture was subjected to ethanol precipitation, the preciprtate was dissolved in 10 ^1 of 1 0 mM Trts- 

20 hydrocNoride buffer (pH 7.5) containing 10 mM magnesium chloride. 50 mM sodium chloride and 1 mM DTT. 10 units 
of the restriction enzyme H/ndlll (Takara Shuzo) was further added, and the reaction was allowed to proceed at 37^C 
for 1 hour. The reaction mixture was fractionated by agarose gel electrophoresis, whereby about 0.2 jjg each of a 
H/ndlll-Sacll fragment (about 2.42 kb) and a Kpn\-Hind\\\ fragment (about 1.98 kb) were recovered. 

Then.0.1 mCI of the thus-obtained H/ndlll-Sacll fragment of pSEIUKlSEdl -3 and 0.1 (ig of the above f//ndlll-Sacll 

2s fragment of pBSAE were dissolved in a total of 20 ^ of sterilized water and ligated to each other using Ready-To-Go 
T4 DNA Ligase (Pharmada Bk>tech). The thus-obtained recombinant plasmid DNA solutton was used to transform 
Escherichia coli HB101 and, as a result, a plasmid. pBSH-S. shown in Fig. 3 was obtained. Furthermore. 0.1 jig of tfie 
above-mentioned /<p/7l-H/ndlll fragment of pSEI UK1 SEdl -3 and 0. 1 hq of tiie above-mentioned KJjnI-H/ndlll fragment 
of pBSAE were dissolved in a total of 20 jil of sterilized water and ligated to each other using Ready-Ta<ao T4 DNA 

30 Ligase (Pharniada Biotech). The thus-obtained recombinant plasmid DNA solution was used to transform Escherichia 
coii HB101. and the plasnvd pBSK-H shown in Rg. 4 was obtained. 

Then. 3 |ig each of the thus-obtained plasmids pBSH-S and pBSK-H were respectively added to 10-|ii portions of 
10 mM Tris-hydrochloride buffer (pH 7.5) containing 10 mM magnesium chloride and 1 mM DTT, 10 units of the restric- 
tion enzyme Ap^l (Takara Shuzo) was further added to each mixture, and the reaction was allowed to proceed at 37°C 

35 for 1 hour. Both the reaction mixtures were subjected to ethanol predpitation. With each precipitate, the 3' cohesive 
erKis resulting from Apal digestion were r^ered blunt using DNA Blunting Kit (Takara Shuzo), followed tsy ligation 
using DNA Ligation Kit (Takara Shuzo). The thusnabtained recomtxnant DNA solution were used to transform 
Escherichia coii HB101, and the plasmids pBSH-SA and pBSK-HA shown in Fig. 5 were obtained. 

Then, 5 |ig each of the thus-obtained plasmids pBSH-SA and pBSK-HA were respectively added to 10-^1 portions 

40 of 50 mM Tris-hydrochloride buffer (pH 7.5) containing 10 mM magnesium chlorkde. 100 mM sodium cHoride and 1 mM 
DTT. 1 unit of the restrictfon enzyme EcoRI (Takara Shuzo) was further added to each mixture, arxi the reaction was 
allowed to proceed at 37*C for 10 minutes for partial digestion. Both the reaction mixtures were subjected to etfianol 
predpitation. Witfi each predpitate, the 5* cohesive ends resulting from EcoRI digestion were rendered blunt using DNA 
Blunting Kit (Takara Shuzo). fdfowed by fractionatfon by agarose gel elecb^ophoresis. whereiiy atxxit 0.5 ^g each of a 

45 fragment about 5.38 kb in length and a fragment atxxjt 4.94 kb in lehgtti were recovered. The thus-recovered fragments 
(0.1 tig each) were each dissolved in a total of 20 iil of sterilized water and subjected to ligation treatment using Ready- 
To<30 T4 DNA Ligase (Pharmacia Biotech). The thus-obtained recombinant DNA solutions were respectively used to 
transform Escherichia coii HB101, and the plasmids pBSH-SAE and pBSK-HAE shown in Rg. 6 were obtained. 

Then. 3 (ig each of the tiius-ot>tained plasmkis pBSH-SAE and pBSK-HAE were respectively added to 10-|il por- 

50 tons of 50 mM Tris-hydrochforide buffer (pH 7.5) containing 10 mM magnesium chloride. 100 mM sodium chloride and 
1 mM DTT, 10 units of the restriction enzyme EooRI (Takara Shuzo) was further added to each mixture, and the reac- 
tfon was allowed to proceed at 37^0 tor 1 hour. Both the reaction mixtures were subjected to ettianol predpitation. With 
each precipitate, the 5' cohesive ends resulting from EcoRI digestion were rendered blunt using DNA Blunting Kit 
(Takara Shuzo), fdbwed by ligation using DNA Ligation Kit (Takara Shuzo). The thus-otrtained recombinant plasmid 

55 DNA solutions were each used to transform Escfierichia coii HB101 . and two plasmids. pBSH-SAEE and pBSK-HAEE, 
shown in Fig. 7 were obtained. Ten \ig each of the thus-obtained plasmids were subjected to sequencing reaction 
according to the instructions attached to AutoRead Sequendng Kit (Pharmada Biotech), followed by base sequence 
determir»tion tiy electrophoresis on A.LF. DNA Sequencer (Phanmada Bfotech), whereby it was confirmed that both 
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the Apa\ and EcoHl sites had disappeared as a result of the above modification. 

(2) Sail restriction site introduction downstream from rabbit p-globin gene splidng and poly A signals and SV40 early 
gene pioly A signal 

5 

For making it possible to exchange the antibody H chain and L chain expression promoters of the humanized anti- 
body expression vector each for an arbitrary promoter, a Sal\ restriction site was introduced into the plasmid 
pSEI UK1 SEdl -3 downstream from the rabbit p-globin gene splicing and poly A signals and from the SV40 early gene 
poly A signal in the following manner. 

10 Three fig of the plasmid pBSK-HAEE obtained in Paragraph 1 of Example 1 was added to 10 ^1 of 10 mM Tris- 
hydrochloride buffer (pH 7.5) containing 10 mM magnesium chloride and 1 mM DTT, 10 units of the restriction enzyme 
A^<ael (Takara Shuzo) was further added, and the reaction was allowed to proceed at 37*»C for 1 hour. The ruction mix- 
ture was subjected to ethand precipitation, the precipitate was dissolved in 20 ^1 of 50 mM Tris-hydrochlorkie buffer (pH 
9.0) containing 1 mM magnesium chloride. 1 unit of alkaline pho^hatase (E. cofi C75. Takara Shuzo) was further 

IS added, and the reaction was allowed to proceed at 37"C for 1 hour for dephosphorylation at the 5' termini. The reaction 
mixture was further subjected to phenol-chlorofonn extractbn and then to ethanol precipitation, and the precipitate was 
dissolved in 20 »il of 10 mM Tris-hydrochlorkJe buffer (pH 6.0} containing 1 mM disodium ethylenediaminetotFaacetate 
(hereinafter briefly referred to as *TE buffer^. One pd of said reaction 80lutk>n and 0.1 ^g of a phosphorylated Sa/1 linker 
CTakara Shuzo) were added to sterilized water to make a total volume of 20 ^1. followed by ligation treatment using 

20 Ready-To-Go T4 DNA Ligase (Pharmacia Biotech). The thus-otrtained recombinant plasmid DNA solution was used to 
transform Escherichia co// HB1 0 1 , and a plasmid, pBSK-H AEESal, shown in Fig. 8 was obtained. Ten ng of the plasmid 
thus obtained was subjected to sequencing reaction according to the instaictions attached to AutoRead Sequencing Kit 
(Pharmacia Biotech), foltowed by electrophoresis on A.L.F. DNA Sequencer (Pharmacia Bkrtech) for base sequence 
determination, whereby it was confirmed that one San restriction site had been introduced downstream from the rabbit 

2S p-globin gene splicing and poly A signals arKi from the SV40 earfy gene poly A signal. 

3. Modificatnn of Apal restriction site occurring in poly A signal of Herpes simplex virus thymidine kinase (hereinafter 
referred to as "HSVtk^ gene 

30 The Apa\ restriction site occumng in the HSVtk gene poly A signal downstream from the Tn5 kanamycin pfx)Spho- 
transferase gene of the plasmid pSE1 UK1 SEd1-3 was modified in the following manner. 

Three fig of the plasmid pBSA obtained in Paragraph 1 of Example 1 was added to 10 pJ of 10 mM Tris-hycbrochlo- 
ride buffer (pH 7.5) containing 1 0 mM magnesium chlorkie and 1 mM DTT, 1 0 units of the restriction enzyme Sac\ I (Toy- 
obo) was further added, and the reaction was allowed to proceed at 37*C for 1 hour. The reaction mixture was 

35 subjected to ethanol precipitation, the precipitate was added to 10 ni of 50 mM Tris-fiydrochloride buffer (pH 7.5) con- 
taining 100 mM sodium chloride. 10 mM magnesium chloride and 1 mM DTT. 10 i^its of the restrictton enzyme Xho\ 
(Takara Shuzo) was further added, and the rea:tion was allowed to proceed at 37°C for 1 hour. The reaction mixture 
was fractionated by agarose gel electrophoresis, whereby about 1 pg of a SacW-Xhol fragment (about 2.96 kb) was 
recovered. 

40 Then, 5 jig of the plasmkJ pSEI UKl SEd1-3 was added to 10 of 10 mM Tris-hydrochloride buffer (pH 7.5) con- 
taining 1 0 mM magnesium chtoride and 1 mM DTT. 1 0 units of the restrictfon enzyme Sacll (Toyobo) was further added, 
and the reaction was allowed to proceed at 37**C for 1 hour. The reaction mixture was subjected to ethanol precipitation, 
the predprtate was added to 10 jii of 50 mM Tris-hydrochloride buffer (pH 7.5) containing 100 vrM sodium chloride, 10 
mM magnesium chlorkJe and 1 mM DTT. 10 units of the restriction enzyme Xho\ (Takara Shuzo) was further added, 

45 and the reaction was fractfonated by agarose gel electrophoresis, whereby about 1 |ig of a Sacii-Xhol fragment (about 
4.25 M}) was recovered. 

Then. 0.1 pQO/{\he above SacW-Xhol fragment of pBSA and the above Sac\\'Xho\ fragment of pSEI UK1SEd1-3 
were added to a total of 20 pi of sterilized water, followed by ligatbn using Ready-To-Go T4 DNA Ligase (Phanmacia 
Biotech), The thus-otrtained recombinant plasmid DtsJA solution was used to transform Escherichia colt HB1 01 , arxJ the 

50 plasmid pBSX-S shown in f=ig. 9 ¥vas obtained. 

Then, 3 pg of the thus-obtained plasmkJ pBSX-S was added to 10 pi of 10 mM Tris-hydrochloride buffer (pH 7.5) 
containing 10 mM magnesium chloride and 1 mM DTT. 10 units of the restrictfon enzyme Apal (Tateira Shuzo) was fur- 
ther added, and the reaction was allowed to proceed at 37^C for 1 hour. The reaction mixture was subjected to ethanol 
precipitation, the 3* cohesive ends resulting from Apa\ digestfon were rendered blunt using DNA Blunting Kit (Takara 

55 Shuzo) and then ligation was cam'ed out using DNA Ligation Kit fTakara Shuzo). The thus-obtained recombinant plas- 
mid DNA solution was used to transform Escherichia coli HB101, and a plasmid, pBSX-SA, shown in Fig. 10 was 
obtained. Ten ^g of the thus-obtained plasmkj was subjected to sequencing reactfon according to the instructions 
attached to AutoRead Sequendng Kit (Pharmada Biotech), foOowed by electrophoresis on A.LF. DNA Sequencer 
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(Pharmacia Biotech) ior base sequence determinat'on, whereby it was oorifirmed that the Apa\ restriction site in the 
HSVtk gene pdy A signal had disappeared. 

4 . Construction of humanized antitxxly L chain expression unit 

5 ■ 

A plasmid. pMohCx; containing a human antibody Ck cDN A downstream from the promoter/enhancer of the Molo- 
ney mouse leukemia virus long terminal repeat and having a humanized antibody L chain expression unit allowing cas- 
sette-wise insertion thereinto of a humanized antibody L chain V region was constructed in the following manner. 
Three ^g of the plasmki pBluescnpt SK(-) (Stratagene) was added to 10 of 10 mM Tris-hydrochbride buffer (pH 

w 7.5) containing 10 mM magnesium chlorkie and 1 mM DTT, 10 units of the restriction enzyme SacI (Takara Shuzo) was 
further added, and the reaction was altowed to proceed at 37*0 for 1 hour. The reaction mixture was subjected to eth- 
anol preo'pitation, the precfsitate was added to 10 pj of 10 mM Tris-hydrochloride buffer (p.H 7.5) containing 50 mM 
sodium chbride, 10 mM magnesium chtoride and 1 mM DTT, 10 units of the restriction enzyme C/al (Takara Shuzo) 
was further added, and the reaction was allowed to proceed at 37*C for 1 hour. The reaction mixture. was subj«rted to 

15 etfianol precipitation, and the cohesive ends resulting from SacI and C/at digestion were rendered blirt using DMA 
Blunting Kit (Takara Shuzo). followed t>y fractionation by agarose gel electrophoresis, whereby iabout 1 |ig of a DMA 
fragment at>out 2.96 M3 in length was recovered. A 0. 1-^g portton of the DMA fragment recovered was added to a total 
of 20 ^1 of sterilized water and subjected to Ggation reactton using Ready-To-Go T4 DNA Ugase (Phsu'mada Biotech). 
The thus-obtained recombinant plasmid DNA solution was usisd to transform Escherichia cofi HB101 , and the plasmid 

20 pBSSC shown in Fig. 1 1 was obtained. 

Then. 3 \ig of the thus-obtained plasmid pBSSC was added to 10 fil of 10 mM Tris-hydrochtorkJe buffer (pH 7,5) 
containing 10 mM magnesium chloride and 1 mM DTT. 10 units of the restriction enzyme Kpn\ (Takara Shuzo) was fur- 
ther added, and the reaction was allowed to proceed at 37^0 for 1 hour. The reactkin mixture was subjected to etiianol . 
precipitati'on. the precipitate was dissolved in 10 ^1 of 50 mM Tris-hydrochtorkle buffer (pH 7.5) containing 100 mM 

2S sodium chloride. 10 mM magnesium chtoride and 1 mM DTT. 10 units of the restrkrtion enzyme Xtio\ (Takara Shuzo) 
was further added, and the reaction was allowed to proceed at 37°C for 1 hour. The reaction mixture was fractionated 
t)y agarose gel electrophoresis, whereby atsout 1 ^g of a f(pn\-Xhp\ fragment (about 2.96 kb) was recovered. 

Then, 5 kig of the plasmid pAQE147 descrbed in JP-A-6-205694 was added to 10 jil of 10 mM Tris-hydrochloride 
buffer (pH7.5) containing 10 mM magnesium chloride and 1 mM DTT, 10 units of the restriction enzyme Kpn\ fTakara 

30 Shuzo) was further added, and the reaction was allowed to proceed at 37**C for 1 hour. The reaction mixture was sub- 
jected to ethanol precipitation, the precipitate was dissolved in 1 0 mI of 50 mM Tris-hydrochloride tnjffer (pH 7.5) con- 
taining 100 mM sodium chloride, 10 mM magnesium chloride and 1 mM DTT. 10 units of the restriction enzyme X/iol 
(Takara Shuzo) was further added, and the reaction was fractionated by agarose gel electrophoresis, whereby about 
0.3 |ig of a f^nl-Xhol fragment (about 0.66 kb) containing the Moloney mouse leukemia virus long terminal repeat pro- 
as moter/enhancer was recovered. 

Then. 0.1 jig of the Kpnl-Xhoi fragment of pBSSC and 0.1 jig of the Kpn\'Xho\ fragment of pAGE147 each 
ot>tained as mentioned atx)ve were dissolved in a total of 20 of sterilized water and subjected to ligation using Ready- 
To-Go T4 DNA Ugase (Pharmacia Biotech). The thus-obtained recombinant plasmid DNA solution was used to trans- 
form Escherichia coli HB101 . and the plasmid pBSMo shown in Fig. 12 was otTtained. 

40 Then. 3 ^g of the above plasmki pBSMo was added to 10 fil of 10 mM Tris-hydrochloride tsuffer (pH 7.5) containing 
10 mM magnesium chloride and 1 mM DTT. 10 units of the restriction enzyme K^l (Takara Shuzo) was further added, 
and the reaction was allowed to proceed at 37*^0 for 1 hour. The reaction mixture was sii^jected to ethanol predpitation. 
, the predpitate was cBssolved in 10 |J of 10 mM Tris-hydrochloride buffer (pH 7.5) containing 50 mM sodium chtoride, 10 
mM magnesium chloride and 1 mM DTT. 10 units of the restriction enzyme H/ndlll (Takara Shuzo) was further added. 

45 and the reaction was allowed to proceed at 37^0 for 1 hour. The reactton mixture was fractionated by agarose gel elec- 
trophoresis, whereby atx>ut 1 erf a Kpn\'f-lin6{\ I fragment (about 3.62 tt)) was recovered. 

Then, synthetk: DMAs respectively having the base sequences shown in SEQ ID NO: 12 and SEQ ID NO:13 were 
synthesized using an automatic DNA synthesizer (Applied Biosystems model 380 A). To 15 ^1 of sterilized water were 
added 0.3 \iq each of the thus-obtsuned synthetic DNAs, and the mixture was heated at eS'^C for 5 minutes. The reac- 

so tton mixture was allowed to stand at room temperature for 30 minutes and then 2 (il of 1 0-fbld concentrated txiffer ^0 
mM Tris-hydrochloride (pH 7.6), 100 mM magnesium chtoride. 50 mM DTT) and 2 ^1 of 10 mM ATP were added, 10 
units of T4 polynucleotide kinase was further added, and the reaction was allowed to proceed at 37*C for 30 minutes 
for phosphorylation of the 5' termini. To a total of 20 ^1 of sterilized water were added 0.1 ^g of the above Kpn[-f-iin6\\\ 
fragment (3.66 kb) derived from the plasmkJ pBSMo and 0.05 ug of the phsophorylated synthetic DNA pair, and ligation 

55 was effected using Ready-To-Go T4 DNA Ligase (Pharmada Biotech). The thus-obtained recombinam plasmid DNA 
solution was used to transfonn Escherichia coii HB101, and the plasmid pBSMoS shown in Rg. 13 was obtained. Ten 
^g of the plasmid thus obtained was subjected to sequencing reaction according to the instructtons attached to 
AutoRead Sequencing Kit (Pharmada Biotech), followed by electrophoresis on A.LF. DNA Sequencer (Phannada Bio- 
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tech) for base sequence determination, whereby it was confirmed that the synthetic DNA pair had been introduced as 
desired. 

Then, 3 of the plasmtd pChilgUM described in JP-A-5-304989 was dissolved in 10 ^l of 50 mM Tris>hydrochIo- 
ride buffer (plH 7.5) containing 100 mM sodium chloride. 10 mM magnesium chloride and 1 mM DTT. 10 units each of 

5 the restriction enzymes EcoRI (Takara Shuzo) and EcoRV (Takara Shuzo) were further added, and the reaction was 
allowed to proceed at 3T*C for 1 hour. The reaction mixture was fractionated by agarose gel electrcqjtioresis. whereby 
atx>ut 1 ^g of an EcoRi-EcoRV fragment (at}out 9.70 M)) was recovered. 

Then, synthetic DNAs respectively having the base sequences shown in SEQ ID lsJO:14 and SEQ ID NO:15 were 
synthesized using an automatic DNA synthesizer (Applied Biosystems model 380A). To 15 ^1 of sterilized water were 

10 added 0.3 ^g each of the thus-obtained synthetic DNAs, and the mixture was heated at SS^C for 5 minutes. The reac- 
tion mixture was allowed to stand at room temperature for 30 minutes. Then. 2 mJ of 10-fold corrcentrated buffer [500 
mM Tris-hydrochloride (pH 7.6). 100 mM magnesium chloride, 50 mM DTT] and 2 |J of 10 mM ATP were added. 10 
units of T4 polynucleotide kinase was further added, and the reaction was allowed to proceed at 37*0 for 30 minutes 
for phosphorylation of the 5* termini. To a total of 20 |J of sterilized water were added 0.1 jig of the above EcoRI-EcoRV 

15 fragment (9.70 Md) derived from the plasmid pChilgLAI and 0.05 ^g of the phsophorylated synthetic DMA, and ligation 
was effected using Ready-To-Go T4 DNA Ugase (Pharmacia Biotech). The thus-obtained recombinant plasmid DNA 
solution was used to transform Escherichia colt HB1 01 , arxJ the plasmid pChiigLAI S shown in Fig. 14 was obtained. 

Then, 3 ^g of the plasmid pBSMoS obtained in the above manner was dissolved in 1 0 ^1 of 20 mM Tris-hyd^ochlo- 
ride buffer (pH 8.5] containing 1 00 mM potassium chloride, 10 mM magnesium chloride and 1 mM DTT. 1 0 units of the 

2o restriction enzyme Hpal (Takara Shuzo) was further added, and the reaction was allowed to proceed at 37°C for 1 hour. 
The reaction mixture was subjected to ethanot predpilation, the precipitate was dissolved in 10 ^1 of 50 mM Tris-hydro- 
chloride kxjffer (pH 7.5] containing 100 mM sodium chloride. 10 mM magnesium chloride and 1 mM DTT, 10 units of the 
restriction enzyme EcoRI (Takara Shuzo) was further added, and the reaction was allowed to pmceed at 37^C for 1 
hour. The reaction mixture was fractionated by agarose gel electrophoresis, whereby atXHit 1 ^ of an Hpal-EcoRI f rag- 

25 ment (atxxit 3.66 Kb) was recovered. 

Then, 1 0 pg of the plasmid pChilgLAI S obtained as mentioned above was dissolved in 1 0 ^1 of 20 mM Tris-acetate 
txjffer (pH 7.9) conteuning 50 mM potassium acetate. 10 mM magnesium acetate. 1 mM DTT and 100 |ig/hil BSA. 10 
units of the restriction enzyme NIaN (New England BioLabs) was further added, and the reaction was allowed to pro- 
ceed at 37*C for 1 hour. The reaction n^ure was sut)jected to etiianol precipitation, tiie precipitate was dissolved in 10 

30 ^J of 50 mM Tris-hydrochloride buffer (pH 7.5) containing 100 mM sodium chloride, 10 mM magnesium chloride and 1 
mM DTT. 10 units of the restriction enzyme EcoRI (Takara Shuzo] was further added, and the reaction was allowed to 
proceed at 37°C for 1 hour. The reaction mixture was fractionated by agarose gel electrophoresis, whereby about 0.3 
^g of an A//al V-EcoRI fragment (about 0.41 kb) was recovered. 

Then, 0.1 pg of the above Hpal-EooRI fragment of pBSMoS and 0.1 |ig of the above N/alV-£coRI fragment of 

55 pChilgLAIS were added to a total of 20 (J of sterilized water, and ligation was effected usirig Ready-To-Go T4 DNA 
Ugase (Pharmacia Biotech). The thus-obtained recombinant plasmid DNA solution was i^ed to transform Escherichia 
CQli HB1 01 . and the plasmid pMohCK shown in Fig. 1 5 was obtained. 

5. Construction of humanized antitxxly H chain expression unK 

40 

A plasmid, pMohCyl . containing a human antibody Cyl cDNA downstream from the promoter/enhancer of the 
Moloney nxxise leukemia virus long terminat repeat and having a humanized antibody H cfiain expression unit allowing 
cassette-wise insertion thereinto of a humanized antibody H chain V region was constructed in the following manner. 
Three ^g of the plasmk:! pBSMo obtained in Paragraph 4 of Example 1 was added to 10 ^l of 50 mM Tris-hydro- 

45 chloride buffer (pH 7.5] containing 100 mM sodium chloride. 10 mM magnesium chloride and 1 mM DTT. 10 units of the 
restriction enzyme Xho\ (Takara Shuzo) was further added, and the reaction was allowed to proceed at 37^C for 1 hour. 
The reaction mixture was subjected to ethanol precipitation, the precipitate was dissoked in 10 |il of 30 mM sodium 
acetate buffer (pH 5.0) containing 100 mM sodium chloride, 1 mM zinc acetate and 10% glycerol, 1 0 units of Mung bean 
nuclease CTaf^UH Shuzo) was further added, and the reaction was allowed to proceed at 37^C for 1 0 minutes. The reac- 

so tion mixture was subjected to phend-chloroform extraction and then to etfiarxd precipitation, the cohesive ends of the 
precipitate were rendered t>lunt using DNA Blunting Kit (Takara Shuzo) and ligation was effected using DNA Ligation 
Kit (Takara Shuzo). The thus-obtained recombinant plasmW DNA solution was used to trarisftxm Escherichia coli 
HB101, and the plasmid pBSMoSal shown in Fig. 16 was obtained. A 10-^g portion of the plasmid obtained was sub- 
jected to sequencing reaction according to the instaictions attached to AutoRead Sequencing Kit (Pharmacia Biotech). 

55 followed by electrophoresis on A.LF. DNA Sequencer (Pharmacia Biotech) for base sequence determination, whereby 
it was confirmed that the Xhol restriction site upstream of the Moloney mouse leukemia virus long tenninal repeat pro- 
moter/enhancer had disappeared. 

Then, 3 Mg of the plasmid pBSMoSal obtained as mentioned atxive was added to 1 0 ^1 of 1 0 mM Tris-hydrochloride 
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buffer (pH 7.5) containing 10 mM magnesium chioride and 1 mM DTT, 10 units of the restriction enzyme Kpn\ (Takara 
Shuzo) was further added, and the reaction was allowed to proceed at 37*C for 1 hour. The reaction mixture was sub- 
jected to ethanol predpftation, the precipitate was dissolved in 10 ^1 of 10 mM Tris-hydrochioride buffer (pH 7.5) con- 
taining 50 mM sodium chloride. 10 mM magnesium chloride and 1 mM DTT, 10 units of the restriction enzyme HindlW 
5 (Takara Shuzo) %vas further added, and the reactnn was allowed to proceed at 37'>C for 1 hour. The reaction mixture 
was fractionated by agarose gel electrophoresis, whereby about 1 |ig of a f<pn[-Hind\\\ fragment (about 3.66 kb) was 
recovered. 

Then, synthetic DMAs respectively having the base sequences shown in SEQ ID N0:16 and SEQ ID N0:1 7 were 
synthesized using an autonretic DMA synthesizer (Applied Biosystems model 380A). To 15 ^1 of sterilized water were 

10 added 0.3 ^ each of the thus-obtained synthetic DNAs, and the mixture was heated at 65**C for 5 minutes. The reac- 
tton mixture was allowed to stand at room tenrperature for 30 minutes. Then. 2 ^1 of lO-fbId concentrated buffer [500 
mM Tris-hydrochioride (pH 7.6), 100 mM magnesium chloride, 50 mM DTTl and 2 |il of 10 mM ATP were added. 10 
units of T4 polynucleotide kinase was further added, and the reaction was allowed to proceed at 37^C for 30 minutes 
for phosphorylation of the 5* termini. To a total of 20 of sterilized water were added 0.1 ng of tiie above Kpnl-H//7dIII 

IS fragment (3.66 kb) derived from the plasmid pBSMoSal and 0.05 (ig of the phosphorylated synthetic DfslA. and ligation 
was effected using Ready-To^ T4 DNA Ugase (Pharmacia Biotech). The thus-obtained recombinant plasmid DNA 
solution was used to transform Escherichia coli HB101 . and the plasmkj pBSMoSal S shown in Fig. 17 was obtained. 
A 10-^g portion of the thus-obtained plasmkl was subjected to sequencing reaction according to the instructions 
attached to AutoRead Sequencing Kit (Pharmacia Biotech), followed by electrophoresis on A.L.F. DNA Sequencer 

20 (Pharmacia Biotech), for base s«?uence determination whereby it was confirmed that the synthetic DNA had l>een 
introduced as desired. 

Then, 10 >ig of the plasmid pChilgHB2 described in JP-A-5-304989 was dissolved in 10 |il of 50 mM Trls-hydrochlo- 
ride buffer {pH 7.5) containing 100 mM sodium chloridei, 10 mM magnesium chk>ride and 1 mM DTT. 10 units of the 
restriction enzyme Eco52\ (Toyobo) was further added, and the reaction was allowed to proceed at 3T*C for 1 hour. The 

25 reaction mixture was subjected to ethanol predpitation, the precf^rtate was dissolved in 1 0 |il of 30 mM sodium acetate 
buffer (pH 5.0) containing 100 mM sodium chloride, 1 mM zinc acetate and 10% glycerol, 10 units of Mung t>6an nucle- 
ase (Takara Shuzo) was further added, and the reaction was allowed to proceed at 37*»C for 10 minutes. The reaction 
mixture was subjected to phenol-chloroform extraction and then to etiianol predpitation, and the cohesive ends were 
rendered blunt using DNA Blunting Kit (Takara Shuzo). After ethanol precipitation, the predpitate was dissolved in 10 

30 ^1 of 10 mM Tris-hydrochioride buffer (pH 7.5) containing 10 mM magnesium chloride and 1 mM DTT, 10 units of the 
restriction enzyme Apa\ (Takara Shuzo) was further added, and the reaction was allowed to proceed at 37^C for 1 hour. 
The reaction mixture was fractionated by agarose gel electrophoresis, whereby about 0.7 fig ofApaltliuttt end fragment 
(about 0.99 kb) was recovered. 

"Then, 3 ^g of the plasmid pBluescript SK(-) (Stratagene) was added to 1 0 jil of 1 0 mM Tris-hydroch toride buffer (pH 

35 7.5) containing 10 mM magnesia chloride and 1 mM DTT, 10 units of the restriction enzyme Apa\ ( 2UTakara Shuzo) 
was further added, and the reaction was allowed to proceed at 37^0 for 1 hour. The reaction mixture was subjected to 
ethanol predpitation, the predpitate was dissolved in 10 ^l of 33 mM Tris-acetate buffer (pH 7.9) containing 10 mM 
magnesium acetate. 66 mM potassium acetate. 0.5 mM DTT and 100 ^g/ml BSA, 10 units of tfie restrk^tion enzyme 
Smal (Takara Shuzo) was further added, and the reaction was slkywed to proceed at ZT'C for 1 hour. The reaction mlx- 

40 ture was fractonated by agarose gel electrophoresis, whereby atx>ut 1 tig of an Apa\'Sma\ fragment (about 3.0 U>) was 
recovered. 

Then, 0.1 fig of the Apa\-bium end fragment of pChiIgHB2 and 0.1 jig of the Apa\-Sma\ fragment of pBluesaipt 
SK(-), each obtained as mentioned above, were added to a total of 20 fJ of sterilized water and ligated to each other 
using Ready-To-Gk? T4 DNA Ugase (Pharmada Biotech). The thus-obtained recombinant plasmid DNA solution was 

45 used to ti'ansform Escherichia coU HB101 , and the plasntid pBShCyl shown in Fig. 18 was obtained. 

Then. 5 |ig of the above plasnrad pBShCyl was dissolved inl 0 fJ of 1 0 mM Tris-hydrochioride buffer (pH 7.5) con- 
taining 10 mM magnesium chloride and 1 mM DTT. 10 units of the restriction enzyme Apa\ (Takara Shuzo) was further 
added, and the reaction was allowed to proceed at ZT*0 for 1 hour. The reaction mixture was subjected to ethanol pre- 
cipitation, the predpitate was dissolved in 10 fil of 10 mM Tris-hydrochioride buffer (pH 7.5) containing 50 mM sodium 

50 chlorkle. 10 mM magnesium chtoride and 1 mM DTT, 10 units of the restriction enzyme Spel (Takara Shuzo) ws fur- 
ther added, and tiie reaction was allowed to proceed at 37*C for 1 hour. The reaction mixture was fractionated by aga- 
rose gel electrophoresis, whereby atxxjt 1 fig of an Apa\'Spe\ fragment (about 1.0 kb) was recovered. 

Then, 3 |tg of the plasmki pBSMoSalS obtained as mentioned above was dissolved in 10 pi of 10 rcM Tris-hydro- 
chlorkJe buffer (pH 7.5) containing 10 mM magnesium chtoride and 1 mM DTT. 10 units of the resti-iction enzyme Apa\ 

55 (Takara Shuzo) was further added, and the reaction was allowed to proceed at 37>C fbr 1 hour. TTie reaction mixture 
was subjected to ethanol predpitation, the predpitate was dissolved in 10 ^l of 1 0 mM Tris-hydrocNoride buffer (pH 7.5) 
containing 50 mM sodium chkiride. 10 mM magnesium chlornle and .1 mM DTT. 10 units of the resti-iction enzyme Spel 
(Takara Shuzo) was further added, and the reaction was allowed to proceed at 37^C for 1 hour. The reaction mixture 



14 




EP0882794A2 

was fractionated by agarose gel electrophoresis, wtiereby about 1 iig of an Apa\-Spe\ fragment (at)out 3.66 kb) was 
recovered. 

Then, 0.1 iig of the Apal-Spel fragment of pBShCyl and 0.1 >ig of the Apal-Spei fragment of pBSMoSalS. each 
obtained as mentioned above, were added to a total of 20 of sterilized water and ligated to each other using Ready- 
5 To-Qo T4 DNA Ugase (Pharmacia Biotech). The thus-ok>tained recombinant plasnrid DMA solution was used to trans- 
form Escherk^ia coif HB101 . and the plasmid pMohCyl shown in Fig. 19 was obtained. 

6. Construction of tandem cassette humanized antitxxiy expression vector, pKAfNlTEX93 

10 A tandem cassette humanized antibody expression vector, pKANTEX93, was constructed using the various plas- 
mids obtained in Paragraphs 1 through 5 of Example 1 in the following manner. 

Three |ig of the plasmid pBSH-SAEE obtained in Paragraph 1 of Example 1 was added to 10 iil of 10 mM Tris- 
hydrochloride buffer (pH 7.5) containing 50 mM sodium chloride, 10 mM magnesium chloride and 1 mM DTT, 10 units 
of the restriction enzyme H/ndlll (Takara Shuzo) was further added, and the reaction was allowed to proceed at 37*^0 

IS for 1 hour. The reaction mixture was subjected to ethanol predpitation. the precipitate was dissolved in 10 ^ of 50 mM 
Tris-hydrochloride buffer (pH 7.5) containing 100 mM sodium chloride, 10 mM magnesium chloride and 1 mM DTT. 10 
units of the restriction enzyme Sail (Takara Shuzo) was further added, and the reaction was allowed to proceed at 37"C 
for 1 hour. The reaction mixture was fractionated by agarose gel electrophoresis, whereby about 1 pg of a H/ndll I -5a/l 
fragment (about 5.42 kb) was recovered. 

20 Then. 5 fig of the plasmid pBSK-HAEE obtained in Paragraph 1 of Example 1 was added to 10 ^1 of 10 mM Tris- 
hydnx:hloride buffer (ph 7.5) containing 10 mM nragnesium chloride and 1 mM DTT, 10 units of the restriction enzyme 
Kpn\ (Takara Shuzo) was further added, and the reaction was allowed to proceed at 37**C for 1 hour. The ruction mix- 
ture was subjected to ethanol precipitation, the precipitate was dissolved in 10 ^1 of 10 mM Tris-hydrochloride buffer (pH 
7.5) containing 50 mM sodium chloride. 10 mM magnesium chforide and 1 mM DTT. 10 units of the restriction enzyme 

25 Hind\\\ (Takara Shuzo) was furtiier added, and the reaction was alfowed to proceed at 37^0 for 1 hour. The reaction 
mixture was fractionated by agarose gel electrophoresis, whereby about 0.8 jxg of a /<pnf-H/ndlll fragmerrt (about 1 .98 
kb) containing the rabbit p-globin gene splicing and poly A signals, the SV40 early gene poly A signal and the SV40 
early gene promoter was recovered. 

Then. 5 }ig of tiie plasmid pMohCyl obtained in Paragraph 5 of Example 1 was added to 10 fJ of 10 mM Tris-tiydro- 

30 chloride txrffer (pH 7.5) containing 10 mM magnesium chloride and 1 mM DTT, 10 units of the restriction enzyme Kpn\ 
(Takara Shuizo) was further added, and the reaction was alfowed to proceed at 37*^0 for 1 hour. The reaction mixture 
was subjected to etiianol precipitation, the prea'pHate was dissolved In 10 |iJ of 50 mM Tris-hydrochloride buffer (pH 7.5) 
containing 1 00 mM sodium chloride. 1 0 mM magnesium chlorkie and 1 mM DTT, 1 0 units of the restriction enzyme Sa/I 
(l^kara Shuzo) was further added, and the reaction was allowed to proceed at 37°C for 1 hour. The reaction mixture 

55 was fractionated by agarose gel electrophoresis.- whereby about 0.8 ^g of a human CDR-grafted antibody H chain 
expresaon unit-containing Kpn\-Sai\ fragment (about 1,66 kb) was recovered. 

Then. 0.1 jig of the H/ndlll-Sa/l fragment of pBSH-SAEE. 0.1 jig of the Kpn\-H/nd\\\ fragment of pBSK-HAEE and 
0. 1 |xg of the Kpnl-Sa/I fragment of pMohCyl . each ot>tained as mentioned above, were added to a total of 20 ^1 of ster- 
ilized water and ligated together using Ready-To-Go T4 DNA Ligase (Pharncu:la Biotech). The thus-obtained recom- 

40 binant plasmid DNA solution was used to transform Escherichia cofi HB101, and the plasmid pMoyISP shown in Rg. 
20 was obtained. 

Then. 3 ^g of the above plasmid pMo/l SP was added to 1 0 pJ of 50 mM Tris-hydrochloride buffer (pH 7.5) contain- 
ing 100 mM sodium chloride, 10 mM magnesium chloride and 1 mM DTT, 10 units of the restriction enzyme Sa/I 
(Takara Shuzo) and 10 units of the restriction enzyme Xho\ were further added, and the reaction was alfowed to pro- 

45 ceed at 37*0 for 1 hour. The reaction mixture was fractionated by agarose gel electrophoresis, whereby akx>ut 1 pg of 
a Sal\-Xho\ fragment (about 9.06 Kb) was recovered. 

Then. 5 of the plasmid pBSK-HAEESal okjtained in Paragraph 2 of Example 1 was added to 1 0 |il of 10 mM Tris- 
hydrochloride buffer (pH 7.5) containing 10 mM magnesium chloride and 1 mM DTT, 10 units of the restrictfon enzyme 
Kpn\ (Takara Shuzo) was further added. arxJ the reactfon was alfowed to proceed at 37**C for 1 hour. The ruction mix- 

so ture was subjected to ethanol precipitatfon. the precipitate was dissolved in 10 (il of 50 mM Tris-hydrochloride bufi& (pH 
7.5) containing 1 00 mM sodium chloride, 1 0 mM magnesium chloride and 1 mM DTT, 1 0 units of the resfriction enzyme 
Sa/1 (Takara Shuzo) was further added, and the reaction was allowed to proceed at 37''C for 1 hour. The reactfon mix- 
ture was fractionated by agarose gel electrophoresis, whereby about 0.7 pg of a Kpnl-Sail fragment (about 1.37 M)) 
containing the rabtxt p-globin gene splicing and poly A signals and the SV40 early gene poly A sigrial was recovered. 

ss Then. 5 |ig of the plasmkj pMohCx obtained in Paragraph 4 of Example 1 was added to 1 0 pi of 10 mM Tris-hydro- 
chlorkJe buffer (pH 7.5) containing 10 mM magnesium chloride and ImM DTT, 10 units of the restriction enzyme Kpn\ 
(Takara Shuzo) was further added, and the reaction was alfowed to proceed at 37^0 for 1 hour. The reaction mixture 
was subjected to ethanol precipitatioa the precipitate was dissolved in 1 0 pJ of 50 mM Tris-hydrochtoride buffer (pH 7.5) 



15 




EP 0 882 794 A2 



containing 100 rvM sodium chloride. 10 mM magnesium chloride and 1 mM DTT. 10 units of the restriction enzyme 
Xho\ (Takara Shuzo) was further added, and the reaction was allowed to proceed at 37^C for 1 hour. The reaction mix- 
ture was fractionated by agarose gel electrophoresis, whereby about 0.7 ^g of a human CDR-grafted antibody L chain 
expression unit-containing f^nl-Xhol fragment (about 1.06 kb) was recovered. 
5 Then. 0.1 iig of the Sail-Xhol fragment of pMOflSP, 0.1 ^g of the Kjpn\'Sal\ fragment of pBSK-HAEESal and 0.1 
of the Kpn\'Xho\ fragment of pMohCic. each obtained as mentioned above, were added to a total of 20 ^1 of sterilized 
water and ligated together using Ready-To-Go T4 DNA Ligase (Pharmacia Biotech). The thus-obtained recombinant 
piasmid DNA solution was used to transform Eschertchta colt HB101 , and the plaid pMoicyl SP shown in Fig. 21 was 
obtained. 

w Then, 3 >ig of the above piasmid pMoicyl SP was added to 10 ^1 of 50 mM Tris-hydrochloride buffer (pH 7.5) con- 
taining 100 mM sodium chloride. 10 mM magnesium chloride and 1 mM DTT, 10 units of the restriction enzyme Xho\ 
(Takara Shuzo) was further added, and the reactton was allowed to proceed at ZT'C for 1 hour. The reaction mixture 
was subjected to ethanol precipitation, the precipitate was added to 10 pi of 10 mM Tris-hydrochloride buffer (pH 7.5) 
containing 10 mM magnesium cNoride and 1 mM DTT. 1 units of the restriction enzyme Sacll (Toyolx>) was further 

IS added, and the reaction was allowed to proceed at 37°C for 10 minutes for partial digestion. The reaction mixture vvas 
fractionated by agarose gel electrophoresis, and atxjut 0.2 pg of a Sac\\-Xho\ fragment (about 8.49 kb) was recover^. 

Then, 3 fig of the plaid pBSX-SA otstained in Paragraph 3 of Example 1 was added to 10 of 10 mM Tris-hydro- 
cNoride buffer (pH 7.5) containing 10 mM magnesium chloride and 1 mM DTT, 10 units of the restriction enzyme Sacll 
(Toyobo) was further added, arxi the reaction was allows to proceed at ST'^C for 1 hour. The reaction mixture was sub- 

20 jected to etiianol precipitation, tiie predpitate was dissolved in 10 pi of 50 mM Tris-hydrochloride txjffer (pH IJS) con- 
taining 100 mM socfium chloride, 10 mM magnesium chloride and 1 mM DTT. 10 units of the restriction enzyme Xho\ 
(Takara Shuzo) was further added, and the reaction was allowed to proceed at 37°C for 1 hour. The reaction mixture 
was fractionated by agarose gel electrophoresis, and about 1 ^g of a Sac\^Xho\ fragment (about 4.25 kb) was recov- 
ered. 

25 Then. 0.1 pg of the Sacll-Xtol fragment of pMoicyISP and 0.1 iig of the Sac\\'Xho\ fragment of pBSX-SA. each 
obtained as mentioned atx>ve. were added to a total of 20 fil of sterilized water and ligated to each other using Ready- 
To-Go T4 DNA Ligase (Pharmacia Biotech). TTie thus-obtained recombinant piasmid DNA solution was us^ to trans- 
form Escherichia coU HB101 . and the piasmid pKANTEX98 shown in Fig. 22 was obtained. 

30 EXAMPLE 2 

1 . Expression of mouse-human chimeric anti-GM2 arrtbody 

Mouse-human chimeric anti-GM2 antitxxly expression was effected using the humanized antibody expression vec- 
35 tor pKANTEX93 mentioned atxsve in Example 1 in the following manner. 

(1) Construction of piasmid pBSH3 containing nvxjse anti-GM2 antibody KM796 H chain V region cDNA 

Three ixg of the piasmid pBluescript SK(-) (Stratagene) was added to 10 ul of 10 mM Tris*hydrochk)ride buffer (jpH 

40 7.5) containing 10 mM magnesium chtoride and 1 mM DTT. 10 units each of the restriction enzymes Sacll (Toyobo) and 
l^n\ (Takara Shuzo) were further added, and the reaction was allowed to proceed at 37*^0 for 1 hour. The reaction mix- 
ture was sutjjected to ethanol predpitatiai. and the precipitate was subjected to blunting treatment for rendering blunt 
the 3' cohesive ends resulting from the restriction enzyme digestion using DNA Blunting Kit (Takara Shuzo). The result- 
ing reaction was precipitated with ethanol. the precipitate thus obtained was dissolved in 20 ^1 of a buffer containing 50 

45 mM Tris-hydrochloride buffer (pH 9.0) and 1 mM magnesium chlorkle. and ttie mixture thus obtained was altowed to * 
react by adding one unit of alkali phosphatase (E. coU C75. Takara Shuzo) at 3r*C for 1 hour for dephosphorylation of 
the 5* termini. Tlien, fractionation by agarose gel electrophoresis was carried out. and atx>ut 1 ^g of a DNA fragment 
about 2.95 kb in size was recovered. 

Then, synthetic DNAs respectively having the t>ase sequences shown in SEQ ID NO: 18 and SEQ ID N0:19 were 

so synthesized using an automatic DNA synthesizer (Applied Biosystems model 380A). To 15 |il of sterilized water were 
added 0.3 ^g each of the synthetic DNAs obtained, and the mixture was heat^ at 65''C for 5 minutes. The reaction 
mixture was allowed to stand at room temperature for 30 minutes and then 2 (J of 1 0-fbM concentrated buffer [500 mM 
Tris-hydrochlorkie (pH 7.6), 100 mM magnesium chloride, 50 mM DTT] and 2 ^1 of 10 mM ATP were added. 10 units of 
T4 polynucleotide kinase was further added, and the reactkm was alk)wed to proceed at 37^C for 30 minutes for phos- 

55 phorylating tiie 5' temiini. To a total of 20 ^1 of sterilized water were added 0. 1 (ig of the DfsiA fragment (2.95 kb) derived 
from the piasmid pBluescript SK(-) and 0.05 ^g of the pho^horylated synthetic DNA, each obtained as mentioned 
atxve. followed by ligation to each other using Ready-To-Go T4 DNA Ugase (Pharmacia Biotech): The thus-obtained 
recombinant piasmid DNA solution was used to transform Escherichia ooli HB101 , and the plakJ pBSNA shown in Fig. 
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23 was obtained. Ten of the plasmid obtained vvas subjected to sequencing reaction treatment according to the 
instructions attached to AutoRead Sequencing Kit (Pharmada Biotech], foilo^A^ by electrophoresis on A.LF. DNA 
Sequencer (Pharmacia Biotech) for base sequence detenmination. wher^Dy it was confirmed that the syrrthetic DNA 
had been introduced as desired. 

5 Then, 3 ^g of the plasmid pBSNA obtained as mentioned above was added to 10 ^1 of 10 mM Tris-hydrochloride 
buffer (pH 7.5) containing 10 mM magnesium chloride and 1 mM DTX 10 units of the restridiori enzyme Apa\ (Takara 
Shuzo) was further added, and the reaction was allowed to proceed at 3TC for 1 hour. The reaction mixture was sdb- 
jected to ethanol precipitation, the predpitate was added to 10 ^1 of 50 mM Tris-hydrochlorde buffer (pH 7.5) containing 
100 mM sodium chloride, 10 mM magnesium chloride, 1 mM DTT. 100 ^g/ml BSAand 0.01% Triton X-100. 10 units of 

10 the restriction enzyme Not\ (Takara Shuzo) was further added, and the reaction was alk>wed to proceed at 37*^0 for 1 
hour. The reaction mixture was fractionated by agarose gel electrophoresis, and abouK 1 pg of a DNA fragment about 
2.95 M3 in size was recovered. 

Then, 10 ^g of the plaid pChi796HM1 described in JP-A-6-205964 was added to 10 ^1 of 10 mM Tris-hydrochloride 
ljuffer (pH 7.5) containing 10 mM rrBgnesium chloride and 1 mM DTT. 10 units of the restriction enzyme Apa\ (Takara 

15 Shuzo) was further added, and the reaction was altowed to proceed at 37**C for 1 hour. The reaction mixture was sub- 
jected to ethanol predpitaiion, the precipitate was added to 10 |il of 50 mM Tris-fiydrochloride buffer (pH 7.5) containing 
100 mM sodium chloride. 10 mM magnesium chloride. 1 mM DTT. 100 (ig/ml BSA and 0.01% Triton X-100. 10 units of 
the restriction enzyme Not\ (Takara Shuzo) was further added, and the reaction was alfowed to proceed at 37*'C for 1 
hour. The reaction mixture was fractfonated by agarose gel electrophoresis^ and about 0.3 ^g of a DNA fragment about 

20 0.45 M3 in size was recovered. 

Then, 0.1 jig of the Apal-Notl fragment of pBSNA and 0.1 jig of the Apa\-Not\ fragment of pChi796HM1, each 
olstained as mentioned above, were added to a total of 20 ^1 of sterilized water and ligated to each other using Ready- 
To-Go t4 DNA Ligase (Pharmada Biotech). The thusobtained recombinant plasmid DNA solution was used to trans- 
form Escherichia coli HB1 01 . and the plasmkl pBSH3 shown in Rg. 24 was obtained. 

25 

(2) Construction of plasmid pBSLS containing nrwuse anti-QMg antibody KM796 L chain V region cDNA 

Three ^g of the plasmid pBluescript SK[-) (Stratagene) was added to 10 ul of 10 mM Tris-hydrochloride buffer (pH 
7.5) containing 10 mM magnesium chloride and 1 mM DTT. 10 units of the restriction enzyme Kpn\ (Takara Shuzo) was 

30 further added, and the reaction was allowed to proceed at 37°C for 1 hour. The reaction mixture was sut)jected to Ch- 
anel precipitation, and the predpitate was subjected to blunting treatment for rendering blunt the 3* cohesive erxis 
resulting from Kjpn\ digestion using DNA Blunting Kit (Takara Shuzo) and then to ethanol predpitation, the predpitate 
was added to 10 |il of 10 mM Tris-hydrochloride Ixjffer (pH 7.5) containing 10 mM magnesium chloride and 1 mM DTT, 
10 units of the restrictfon enzyme SacI (Takara Shuzo) was further added, arxj the reaction was allowed to proceed at 

55 37°C for 1 hour. The reaction mixture was fractionated by agarose gel electrophoresis, whereby about 1 ^g of a DNA 
fragment about 2.95 kb in dze was recovered. 

Then, synthetic DNAs respectively having the base sequences shown in SEQ ID fvlO:20 and SEQ ID NO:21 were 
synthesized using an automatic DNA synthesizer (Applied Biosystems model 380A). To 15 )il of sterilized water were 
added 0.3 fig each of the synthetic DNAs ok>tained. and the mixture was heated at B&'C for 5 minutea The reaction 

40 mixture was alkswed to stand at room temperature for 30 minutes. Then, 2 fil of 10-fbkJ concentrated buffer [500 vrM 
Tris-hydrochforide (pH 7.5). 100 mM magnesium chloride. 50 mM DTT] and 2 pi of 10 mM ATP were added. 10 units of 
T4 polynucleotide kinase was further added, and the reaction was allowed to proceed at 37^C for 30 minutes for phos- 
phorylating the 5' termini. The, 0.1 ng of the DNA fragment (2.95 kb) derived from the pla»nid pBluescript SK(-) and 
0.05 ixg of the phosphorylated synthetic DNA. each obtained as mentioned atxive. were added to a total of 20 fil of ster- 

45 llized water and ligated to each other using Ready-To-Go T4 DNA Ugase (Pharmada Biotech). TTie thus-obtained 
recombinant plasmid DfslA solution was used to transform Escherichm coli HB101. and the plasrnd pBSES shown in 
Fig. 25 was obtained. Ten fig of the plasmid obtained was subjected to sequendng reaction treatment according to the 
instructions attached to AutoRead Sequendng Kit (Pharmacia Biotech), followed by electrophoresis on A. LP. DNA 
Sequencer (Pharmada Biotech] for base sequence determination, whereby it was confirmed that the synthetic DNA 

50 had been introduced as desired. 

Then, 3 ^g of the plasmki pBSES obtained as merrtfoned atx3ve was added to 10 ^ of 50 mM Tris-hydrochforide 
txjffer (pH 7.5) containing 100 mM sodium chloride. 10 mM magnesium chloride, 1 mM DTT and 100 ^g/ml BSA. 10 
units each of the restriction enzymes EooRI (Takara Shuzo) and Sp/I (Takara Shuzo) were further added, and the reac- 
tion was allowed to proceed at 37*'C for 1 hour. The reactfon mixture was fractionated by agarose gel electrophoresis. 

55 and atxxjt 1 pg of a DNA fragment about 2.95 kb in size was recovered. 

Then, 5 (ig of the plasmid pKM796L1 described in JP-A-6-205694 was added to 10 ^1 of 50 mM Tris-hydrochforide 
buffer (pH 7.5) containing 10 mM magnesium chloride and 1 mM DTT. 10 units each of the restricton enzymes EcoRI 
(Takara Shuzo) and AffWl (Takara Shuzo) were further added, and the reaction was alfowed to proceed at 37"C for 1 
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hour. The reaction mixture was fractionated by agarose gel electrophoresis, and about 0.3 ^g of an EcoRI*A//lll frag- 
ment about 0.39 l<b in size was recovered. Then, synthetic DNAs respectively having the base sequences shown in 
SEQ ID N022 and SEQ ID NO:23 were synthesized using an automatic DNA synthesizer (Applied Biosystems model 
380A). To 15 ^1 of sterilized water were added 0.3 iig each of the synthetic DNAs obtained, and the mixture was heated 

5 at 65**C for 5 minutes. The reaction mixture was allowed to stand at room temperature for 30 minutes. Then. 2 mI of 10- 
fold concentrated buffer [500 mM Tris-hydrochloride CpH 7.6). 100 mM magnesium chloride. 50 mM DTT] and 2 }J of 10 
mM ATP were added, 1 0 units of T4 polynucleotide kinase was further added, and the reaction was allowed to proceed 
at 37°C for 30 minutes for phosphorytating the 5* termini. 

Then. 0.1 ^ig of the pBSES-derived EooRI-Sp/l fragment (2.95 kb). 0.1 |ig of the pKM796U-derived EcoRI-A/7lll 

10 fragment and 0.05 ^g of the pho^orylated synthetic DNA, each obtained as mentioned above, were added to a total 
of 20 ^1 of sterilized water and ligated together using Ready-To-Go T4 DNA Ugase (Phamiacia Biotech). The thus- 
obtained recombinant plasmid DNA solution was used to transform Escherichia cofi HB1 01 . and the plasmid pBSL3 
shown in Rg. 26 was obtained. Ten fig of the plasmid obtained was subjected to sequendng reaction treatment accord- 
ing to the instructions attached to AutoRead Sequencing Kit (Pharmada Biotech), followed by electrophoresis on A.L.F. 

IS DNA Sequencer (Pharmada Biotech) for base sequence detennination. whereby it was confirmed that the synthetic 
DNA had been introduoed as desired. 

3. Constructfon of mouse-human chimeric i3nti-GM2 antibody expression vector, plCANTEX796 

20 A mouse-human chimeric anti-GM2 antik>ody expression vector. pKAf^EX796. was constructed using the plasmid 
pKAfvrTEX93 chained in Example 1 and the plasmkis pBSH3 and pBSL3 respectively obtained in Paragraph 1 (1) and 
(2) of Example 2, in the following manner. 

Three fxg of the plasmid pBSHS was added to 10 ^1 of 10 mM Tris-hydrochloride buffer (pH 7.5) containing 10 mM 
magnesium chloride and 1 mM DTT, 1 0 unite of the restriction enzyme Apa\ (Takara Shuzo) was further added, and the 

25 reaction was allowed to proceed at 37*^0 for 1 hour. The reaction mixture was subjected to ethand precipitation, the pre- 
c^)itate was dissolved in 10 ^1 of '50 mM Tris-hydrochloride buffer (pH 7.5) containing 100 mM sodium chloride, 10 mM 
magnesium chloride. 1 mM DTT, 100 ^g/mt BSA and 0.01% Tdton X-100. 10 units of the restriction enzyme Not) 
(Takara Shuzo) was further added, and the reaction was allowed to proceed at 37°C for 1 hour. The reaction mixture 
was fractionated by agarose gel electrophoresis, and about 0.3 >xg of an Apal-Noti fragment about 6.46 kb in size was 

30 recovered. 

Then. 3 ^g of the plasmid pKANTEX93 was added to 10 ^l of 10 mM Tris-hydrochloride buffer (pH 7.5) containing 
10 mM magnesium chlorUe and 1 mM DTT. 1 0 units of the restriction enzyme /pa\ (Takara Shuzo) was furtfier added, 
and the reaction was allowed to proceed at ZT'C for 1 hour. The reaction mixture was subjected to ethand predpitation, 
the precipitate was dissolved in 10 |il of SO mM Tris-hydrochloride buffer (pH 7.5) containing 100 mM sodium chforide. 
35 10 mM magnesium chloride, 1 mM DTT, 100 fig/m! BSA and 0.01% Triton X-100, 10 units of the restriction enzyme Not\ 
(Takara Shuzo) was further added, and the reactfon was allowed to proceed at 37^0 for 1 hour. The reaction mixture 
was fractionated by agarose gel elecfrophoresis. wvhereby about 1 |ig of an Apa[-Not\ fragment about 12.75 Md in size 
was recovered. 

. Then. 0. 1 Mg of the pBSHS-derived Apai-Notl fragment and 0.1 |ig of the pKANTEXSS-derived Apai-Not\ fragment, 
40 each obtained as mentioned atx3ve, were added to a total of 20 ^1 of sterilized water and ligated to each other using 
Ready-To-Go T4 DNA Ugase (Phamiacta Biotech). The thus-otstained recombinant plasmid DNA solutfon was used to 
transform Escherichia cofi HB101. and the plasmid pKAhmEX796H shown in Rg. 27 was obtained. 

Then, 3 of the plasmid pBSI^ was added to 10 ^il of 50 mM Tris-hydrochloride buffer (jpH 7.5) containing 100 
mM sodium chloride. 10 mM magnesia chloride. 1 mM DTT and 100 ^g/ml BSA. 10 units each of the resfriction 
45 enzymes EcoRI (Takara Shuzo) and Sp/I (Tatera Shuzo) were further added, and the reaction was allowed to proceed 
at 37^0 for 1 hour. The reaction mixture wos fractionated by agarose gel electrophoresis, and about 0.3 of an EcoRI- 
Spl\ fragment about 0.4 kb in size was recovered. 

Then. 3 pg of the plasmid pKANTEX796H was added to 10 ^1 of 50 mM Tris-hydrochloride buffer (pH 7.5) contain- 
ing 100 mM sodium chloride. 10 mM magnesium chloride. 1 mM DTT and 100 pg/hil BSA. 10 units each of the restric- 
50 tion enzymes EcoRI (Takara Shuzo) and Spl\ (Takara Shuzo) were further added, and the reaction v^s allowed to 
proceed at 37^0 for 1 hour. The reaction mixture was fractionated by agarose gel electrophoresis, and about 1 pg of an 
EcoHl'Spn fragment about 13.20 M) in size was recovered. 

Then.O.I pgofthepBSL3-derivedfcoRI-5^/lfragmemand0.1 pgofthepKANTEX796H-de 
ment. each obtained as mentioned above, were added to a total of 20 pi of sterilized water cuid ligated to each other 
55 using Ready-To-Go T4 DNA Ligase (Pharmada Biotech). The thus-obtained recombinant plasmid DNA solution was 
used to transibrm Escherichia coii HB101 , and the plasmkl pKANTEX796 shown in Fig. 28 was obtained. 
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(4) Expression of mouse-human chimeric anti-GM2 antibody in YBSAO cells using pKANTEX796 

Introduction of the plasmid into YB2/0 cells (ATCC CRL1 662) was carried out by the electroporation method (Miyaji, 
H. etal,, Cytotechnology, 3. 133 (1990)). A 4 portion of pKANTEX796 obtained in Paragraph 1 (3) of Example 2 ¥vas 

5 introduced into 4 x 10^ cells of YB2A) cells, and the resulting cells were suspended in 40 ml of RPM11640-FCS (10) 
medium [RPM1 1 640 medium (manufeK;tured by Nissul PharmaceuticaO supplemented with 1 0% of PCS, an appropriate 
amount of 7.5% sodium bicartxDnate solution. 3% of 200 mM L-glutamine solution (n^ufactured by Gbco) and 0.5% 
of penicillin-streptomycin solution (manufactured by Gibco, contains 5,000 U/ml of penicillin and 5 mgAn! of streptomy- 
dn)] and dispensed in 200 \j\ portions into wells of a 96 well microplate. After 24 hours of culturing at 3T*C in a S% CO2 

10 incubator, 0418 was added to each well to a final concentration of 0.5 nng/ml, and the cells were cultured for 1 to 2 
weeks. Culture supematants were recovered from wells in which colonies of transfbrmant cell lines have been formed, 
and the activity of the mouse-human chimeric anti-GM2 antibody in the culture supematants was measured by the 
ELISA method descrifc>ed in the following paragraph (5). Cells in wells in which the activity was found were subjected to 
gene amplification in the following manner with an attempt to increase expression quantity of the chimera antibody. 

15 Firstiy. tiie cells were suspereied in the RP1VII1640-FCS (10) medium supplemented witii 0.5 mg/ml of G418 and 50 nM 
of methotrexate (manufactured by Sigma, to l>e refened to as "MTX" hereinafter), to a density of 1 -2 x 10^ cells/nrd. and 
the suspension was dispensed in 2 ml portions in wells of a 24 well plate. The cells were cultured at 37^C for 1 to 2 was 
in a 5% CO2 incubator to induce resistant cells to 50 nM MTX. In weHs in which the cells resistant to 50 rM MTX have 
been formed, the final concentration of MTX was increased to 1 00 nM and then to 200 nM and the expression quantity 

20 was evaluated by the ELISA method to select cells having the highest expression quantity. TTie thus selected cells were 
subjected twice to cloning by the limiting dilution analysis and then established as the f ir^l chimera antibody stable 
expression cells. The tiius estat>li^ed mouse-human chimeric antl-QM2 antOxxiy stable expression cells showed an 
expression quantity of about 1 to 2 ^g/ml , so that it was confirmed that efficient and stable expression of the humanized 
antibody can t>e effected t>y the use of pKANTHX93. 

25 

(5) ELISA method 

A 2 ng portion of ganglioside was dissolved in 2 ml of ethanol solution containing 5 ng of phosphatidylcholine (man- 
ufactured by Sigma) and 2.5 ng of cholesterol (manufactured by Sigma). This solution or a dilute solution thereof was 

30 dispensed in 20 pi portions in wells of a 96 well microplate (manufactured by Greiner), air-dried and then subjected to 
blowing with a phosphate buffer containing 1% BSA (to be referred to as "PBS" hereinafter). To the resulting plate was 
added culture supernatant of a tBnsformant cell line, a purified mouse monoclonal antibody a purified moi^e-human 
chimeric antibody or a purified humanized antibody in an amount of from 50 to 100 |J, subsequentiy candying out 1 to 2 
hours of reaction at room temperature. After the reaction and subsequent washing of each well with PBS, 50 to 100 p\ 

35 of a peroxidase-labeled rabbit anti-mouse IgQ antibody (manufactured by Dako, used by 400 times dilution) or a perox- 
idase-labeied goat anti-human y chain antibody (manufactured by Kiyukegard & Perry Laboratory, used by 1 .000 times 
dilution) was added tiiereto. and 1 to 2 hours of reaction was carried out at room temperature. After washing with PBS. 
50 to 100 (il of an ABTS substrate solution [a solution prepared by dissolving 550 mg of 2,2'-azinobis(3-ethylbenzothi- 
azoline-6-sutfontc add) in 1 liter of 0.1 M citrate kxiffer (pH 4.2) and adding 1 |il/ml of hydrogen peroxide to the solution 

40 just before its use] was added to each well to effect development of color which was then measured at OD415. 

2. Transient mouse-human chimeric antisody expression in COS-7 (ATCC CRL 1651) cells 

For enat)ling more rapid activity evaluation of various versions of human CDR-grafted anti-GM2 antibody, transient 
45 expression of mouse-human chimeric anti-GM2 antitxxty expression was caused in COS-7 cells by the LIpofectamine 
method using pKANTEX796 and a variant thereof in the following manner. 

(1 ) Consbruction of variant of pKAf^EX796 

so Since transient antibody expression in animal cells is dependent on the copy numl>er of an expression vector infro- 
duced, it was supposed that an expression vector smaller in size would show a higher expression efficiency Therefore, 
a smaller humanized airtibody expression vector. pT796. ¥vas constructed by deleting a region supposedly having no 
effect on humanized antixxiy expression from pKANTEX796 in the following mamer. 

Thus. 3 ^g of the plasmid pKANTEX796 was added to 10 ^1 of 1 0 mM Tris-hydrochloride txiffer (pH 7.5) containing 

^ 50 mM sodium chloride, 10 mM magnesium chloridia and 1 mM DTT, 10 units of the restriction enzyme Hin6\\\ (Takara 
Shuzo) was further added, arKJ the reaction was allowed to proceed at 3T*C for 1 hour. The ruction mixture was sub- 
jected to ettianol precipitation, the precipitate was dissolved in 10 ^ of 50 mM Tris-hydrochioride buffer (pH 7.5) con- 
taining 100 mM sodium chloride, 10 mM magnestun chloride and 1 mM DTT, 10 units of the restriction enzyme Mtu\ 
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(Takara Shuzo) was further added, and the reaction was allowed to proceed at 3T*C for 1 hour. The reaction mixture 
was subjected to ethanol precipitation, and the 5' cohesive efxis resulting from the restriction enzyme digestion were 
rendered blunt using DNA Blunting Kit (Takara Shuzo). The reaction mixture was fractionated by agarose gel electro- 
phoresis and about 1 fig of a DNA fragment atx>ut 9.60 kb in size was reopveed. A 0. 1 -|ig portion of the thus-recovered 
5 DNA fragment was added to a total of 20 ^1 of sterilized water arxl sut>iected to ligation treatment using Ready-To-Go 
T4 DNA Ligase (Pharmacia Biotech). The thus-obtained reoomb'nant plasmid DNA solution was used to transform 
Escherichia colt HB101, and the plasmid pT796 shown in Fig. 29 was obtained. 

(2) Transient expression of mouse-human chimeric anti-GM2 anti3ody using pKANTEX796 and pT796 

A 1 X 10^ cells/ml suspension of COS-7 cells was dtstiibuted In 2-ml portions into wells of a 6-well plate (falcon) 
and cultured overnight at Zl^'O. Two |ig of pKANTEX796 or pT796 was added to 100 iil of OPTI-MEM medium (Gibco), 
a solution prepared by adding 10 of LIPOFECTAMINE reagent (Oibco) to 100 ^l of OPTI-MEM medium (Qibco) was 
further added, and the reaction was allowed to proceed at room temperature for 40 minutes to cause DNA*liposome 

15 complex formation. The COS-7 cells cultured overnight were washed twice witii 2 ml of OPTI-MEM medium (Gibco), 
the complex-containing solution was added, and the cells were cultured at 37^C for 7 hours. Then, the solution was 
removed. 2 ml of DMEM medium (Gfoco) containing 10% ?CS was added to each well, and the cells ¥vere cultured at 
37^C. After 24 hours, 48 hours, 72 hours, 96 hours and 120 hours of cultivation, the culture supernatant was recovered 
and. after concentration procedure as necessary, evaluated for mouse-human chimeric Emti-GM2 antibody activity in the 

2o culture supernatant t)y tiie EUSA method described in Paragraph 1 (5) of Example 2. The results are shown in Fig. 30. 
As shown in Fig. 30, higher levels of transient mouse-human chimeric anti-QM2 antibody expression was observed with 
pT796 as compared with pKANTEX796. For pT796, the level of expression was highest at 72 to 96 hours, the concen- 
tration bang about 30 ng/ml (in terms of GM2 binding activity). The above results indicate that construction of a 
pKANTEX93-derived vector having a reduced size and introduction thereof into COS-7 cells make it possible to make 

25 activity evaluation of expression vector-derived humanized antitxxiies in a transient expression system. Furthemiore, 
for cfose activity comparison of various versions of human CDR-grafted anti-OM2 antbody as mentioned hereinafter, 
the ELISA method descrit>ed below under (3) was used to deterinne antibody concentrations in transient e)q3ression 
culture supernatants. 

30 (3) Determination by sarxiwich EUSA of humanized antibody concentratfons in various culture supernatants 

A solution prepared t>y 400-fold dilution of goat anti-human y chain antibody (Igaku Seisutugaku Kienkyusho) with 
PBS was disti'ibuted in 50-^l portions into wells of a 96-well microtiter plate and allowed to stand overnight at 4''C for 
binding to the wells. After removing the antibody solution, bfowing was effected with 100 fil of PBS contaffiing 1% BSA 

35 at 37^C for 1 hour. Fifty ^1 of a transient expression culture isupernatant or purified nx>use-human chimeric anti-QM2 
antibody was added thereto and allowed to react at room temperature for 1 hour. Thereafter, the solution was removed, 
the wells were washed with PBS, and 50 ^1 of a solution prepared by 500-fold dilution of peroxidase-labeled mouse anti- 
human K chain antitxxiy (Zymet) with PBS was added and allowed to react at room temperature for 1 hour. After wash- 
ing with PBS, 50 |J of an ABTS substrate solution was added for causing cofor development arxJ the OD4^5 was meas- 

40 ured. 

EXAMPLES 

Production of human CDR-grafted anti-GMs antibody I 

45 

A human CDR-grafted anti-GM2 antibody higher in GMg-binding activity than the human CDR-grafled anti-GM2 
antibody described in Example 2 of JP;A-6-1 05694 was produced in the following manner. 

(1 ) Modif icatfon of human CDR-grafted anti-GMg antibody H chain V regfon described in Paragraph 1 (1 ) of Example 2 
so of JP.A-6-205694 

DNAs coding for some versions of the human CDR-grafted anti-GM2 antit>ody H chain V region described in Exam- 
ple 2 as derived tjy replacing several amino adds in the FR with original mouse antibody amino acids were constructed 
in the following manner. Based on a computer nxxiel for the V region of mouse antibody KM796, those amino acid res- 
55 idues that were expected to contribute to restoration of antigen^'nding activity as a result of replacemerrt were selected 
as tiie amino add residues to t>e replacement. Rrst, Df^ respectively having the base sequences of SEQ ID NO:24 
and SEQ ID N025 were synthesized using an automatic DNA synthesize (Applied Biosystems model 3dOA). 

Then, a version (version 2) of human CDR-grafted antixxiy H chain V regfon shiswn in SEQ ID N026 and having 
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replacement in positions 78 (threonine in Deu of glutamine), 79 (alanine in lieu off phenylalanine) and 80 (tyrosine in lieu 
of serine) was constructed in the same manner as in Paragraph 1 (1) of Example 2 of JP-A-6-205964 using a synthetic 
DNA of SEQ ID NO:24 in lieu of the synthetic DNA of SEQ ID fsJ027 of JP-A-6-205964. 

Then, another version (version A) of human CDR-grafted antbody H chain V region shown in SEQ ID NO:27 and 
5 having replacements in positions 27 (tyrosine in lieu of phenylalanine), 30 (threonine in lieu of serine). 40 (serine in lieu 
of proline) and 41 (histkline in lieu of proline) was constructed in the same manner as in Paragraph 1 (1) of Example 2 
of JP-A-6-205G94 using a synthetic DNA of SEQ ID NO:25 in lieu of the synthetic DNA of SEQ ID N025 of JP-A-6- 
205694. 

10 (2) Construction of human CDR-grafted anti^GM^ antibody H chain V region using known HMHCS of human antibody 
H chain V region 

According to Kabat et al. (Kabat E. A. et a/., Sequences of Proteins of Immunological Interest, US Dept. of Health 
and Human Services. 1991). known human antiobdy H chain V regions are classif iat)le into subgroups I to 111 (Human 
15 Sub Groups (MSG) I to III) t)ased on tiie homology of tiieir FR regions, and coon sequences have be»i identified for 
respective subgroups. The present inventors identified HMHCS as one meaning from the common secpjences. a 
human CDR-graft&j anti-GMs antibody H chain V region was constructed based on the HMHCS. f^rst. for selecting 
HMHCS to serve as the base, the homology was examined between the FR, of tiie mouse antbody KM796 H chain V 
region and the FR of the HMHCS of the human antitxxJy H chain V region of each subgroup (Table 1). 

20 



TABLE 1 



Homology (%) between mouse antflDody KM796 H 
chain V region FR and human antit>ody H chain V 
region common sequence FR 


HSG 1 


HSG II 


HSG III 


72.1 


52.9 


58.6 



SO 

As a result, it was confirmed that subgroup I shows the greatest similarity. Thus, based on the HMHCS of subgroup 
I. a human CDR-grafted anti-GMg antibody H chain V region was constructed t)y the PCR metiiod in the following man- 
ner. 

Synthetic DN As respectively having the base sequences of SEQ ID NO:28 through SEQ ID fslO:33 were synthe- 
ss sized using an automatic DNA synthesizer (Applied Systems model 380A). The DNAs synthesized were added, each 
to a final concentration of 0.1 ^M. to 50 hI of 1 0 mM Tris-hydirochloride t)uffer (pH 8.3) containing 50 mM potassium chlo- 
ride, 1.5 mM magnesium chloride. 0.001% gelatin. 200 jiM dNTP, 0.5 jiM M13 primer RV (Takara Shuzo). 0,5 jiM M13 
primer M4 (Takara Shuzo) and 2 untts of TaKaRa Taq DNA polymerase, the mixture was covered with 50 ^1 of mineral 
oil. a DNA thermal cycler (Perkin Elmer model PJ480) was loaded with the mixture, and 30 PCR cydes (2 minutes at 
40 94''C, 2 minutes at SS^'C and 2 minutes at 72'*C per cycle) were conducted. The reaction mixture was purified using 
QIAquick PCR Purification Kit (Qiagen) and then made into a solution in 30 ^1 of 10 mM Tris-hydrochk)ride buffer (pH 
7.5) containing 1 0 mM niagnesium chloride and 1 mM DTT, 10 units of tiie restriction enzyme Apal (Takara Shuzo) was 
f urtfier added, and the reaction was allowed to proceed at 37*>C for 1 hour. The reactton mixture was subjected to eth^ 
anol precipitation, the precipitate was added to 10 of 50 mM Tris-hydrochloride (pH 7.5) containing 100 mM sodium 
45 chloride, 10 mM magnesium cWoride, 1 mM DTT. 100 »ig/ml BSA arKl 0.01% Triton X-100. 10 units of the restriction 
enzyme Not\ (Takara Shuzo] was further added, and the reaction was allowed to proceed at 37^C for 1 hour. The reac- 
tion mixture was fractionated by agarose gel electrophoresis, and about 0.2 (ig of an Apai-/Vo/i fragment about 0.44 kb 
in size was recovered. 

TTien, 3 pg of the plasmid pBSH3 obtained in Paragraph 1 (1) of Example 2 was added to 10 |il of 10 mM Tris-hydro- 
50 . chloride buffer (pH 7.5) containing 10 mM magnesium chloride and 1 mM DTT. 10 units of the restriction enzyme Apal 
(Takara Shuzo) was further added, and the reaction was alk>wed to proceed at 37°C for 1 hour. The reaction mixture 
was subjected to ethanol precipitation, the precipitate was added to 10 pJ of 50 mM Tris-hydrochlorkie txjffer (pH 7.5) 
containing 100 mM sodium chloride, 10 mM magnesium chlorkie, 1 mM DTT. 100 fig/ml BSA and 0.01% Triton X-100, 
10 units of the restriction enzyme Ato/I (Takara Shuzo) was further added, arxi the reaction was allowed to proceed at 
55 d7''C for 1 hour. The reaction mixture was fractionated t>y agraose gel electrophoresis, and about 1 ^ of an Apal-Ato/1 
fragment about 2.95 Kb in size.was recovered. 

Then, 0.1 |ig of the Apal-A/dfl fragment of the human CDR-^fted anti-GM2 antibody H chain V region and 0.1 pg 
of the Apa\'f^ti fragment of pBSH3. each obtained as mentioned above, were added to a total of 20 ^l of sterilized 
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water and ligated to each other using Ready-Tokso T4 DNA Ugase (Pharmacia Biotech). The thus-obtained recom- 
t)inant plasmid DNA solution was used to transform Escherichia coli HB101. Plasmid DNAs were prepared from 10 
transformant clones and their t^ase sequences were determined. As a result, a plasmid. pBSBIO, shown in Rg. 31 and 
having the desired base sequence was obtained. The amino add sequence and base sequence of the human CDR- 
5 grafted anti-<BM2 antibody H chain V region contained in pBSHIO are shown in SEQ ID N0:7. In the annino add 
sequence of the thus-constructed human CDR-grafted anti-GM2 antibody H chain V region, arginine tn position 67. 
alanine in position 72. serine in position 64 and arginine in position 98 in the FR as selected teased on a computer model 
tor the V region are replaced by lysine, valine, histidine arxi threonine, respectively, that are found in the mouse antibody 
KM796 H chain V region. This is for the purpose of retaining the antigen-binding capadty of mouse antibody KM796. 

TO 

(3) Modification of human CDR-grafted anti-GMg anttoody L chain V region described in Paragraph 1 (2) of Example 2 
of JP-A-6-205694 

First, a DNA having the base sequence of SEQ ID N0:34 was synthesized using an automatic DNA synthesizer 
IS (Applied Biosystems model 380A). and a human CDR-grafted anti-GIVl2 antibody L chain V region cDNA with a 3* ter- 
minus capable of pairing with the restriction enzyme Spl\ was constructed by following the same reaction procedure as 
in Paragraph 1 (2) of Example 2 of JP-A-6-205694 using the synthetic DNA in lieu of the synthetic DNA of SEQ ID 
NO.-35 of JP-A-6-205964. 

Then, 3 jig of the plasmid pBSL3 obtained in Paragraph 1 (2) of Example 2 was added to 10 of 50 mM Tris-hydro- 
20 chloride buffer (pH 7.5) containing 100 mM socfium chloride. 10 mM magnesium chloride. 1 mM DTT and 100 pg/mi 
BSA, 10 units each of tiie resti'iction enzymes EcoRI (Takara Shuzo) and Sp/I (Takara Shuzo) were further added, and 
the reaction was allowed to proceed at 37*'C fbr 1 hour. The reaction mixture ¥vas fractionated by agarose gel electro- 
phoresis, and about 1 ^g of an EcoRI-5p/l fragment about 2.95 kb in size was recovered. 

Then, 0.1 \iQ of the EcoRI-Sp/l fragment of the human CDR-grafted anti-GM2 antbody L chain V region obtained 
25 as mentioned above and 0. 1 pg of the above EcoRI-6^1 fragment of pBSL3 were added to a total of 20 |il of sterilized 
water and ligated to each other using Ready-To-Go T4 DNA Ugase (Pharmada Biotech). The thus-obtained recom- 
binant plasmid DNA solution was used to transform Escherichia coli HB101. and the plasmid pBSL16 shown in Fig. 32 
was obtained. 

Then, DNAs coding for certain versions of the human CDR-grafted arTti-GM2 antit>ody L chain V region contained 

30 in the above plasmid pBSL16 were constructed by repladng a certain number of amino acids in the FR ¥vith original 
mouse antibody amino acids by mutagenesis by means of PCR in the folkiwing manner (Fig. 33). Based on a computer 
model for the V region of mouse antitxxjy KM796. those amino add residues that were e3q3ected to contribute to resto- 
ration of antigen-binding activity as a result of replacement were selected as the amino acid residues to t>e replaced. 
Antisense arvi sense DfvIA primers fbr introdudng mutations were synthesized using an automatic DNA synthesizer 

35 (Applied Biosystems model 380A). A first PCR reaction was conducted in the same manner as in Paragraph 1 (2) of 
Example 3 using a final concentration each of 0.5 ^M of M13 primer RV (Takara Shuzo) and the antisense DNA primer 
arxl of M13 primer M4 (Takara Shuzo) and the sense DNA primer, with 1 ng of pBSL16 as the template. Each reaction 
mixture was purified using QIAquick PCR Purification Kit (Qiagen) with elutk)n with 20 of 10 mM Tris-hydrochloride 
(pH 8.0). Using 5 of each elute, a second PCR reaction was conducted in the same manner as in Paragraph 1 (2) of 

40 Example 3. The reaction mixture was purified using QIAaqiick PCR Purificatk>n Kit (Qiagen) and then made into a soiu- 
tk)n in 30 (il of 50 mM Tris-hydrochlorkie buffer (pH 7.5) containing 100 mM sodium chlorkle. 10 mM magnesium chlo- 
ride, 1 mM DTT and 100 jig/mi BSA, 10 units each of the restrkrtion enzymes EcoRI (Takara Shuzo) and Sp/I (Takara 
Shuzo) were further added, and the reaction was allowed to proceed at 37*'C for 1 hour. The reaction mixture wasfrac- 
tk3nated by agarose gel electi-ophoresis. and about 0.2 ^g of an EcoH\'Sp{\ fragment (atxsut 0.39 of each replace- 

45 ment versnn of the human CDR-grafted anti-GM2 antibody L chain V region was recovered. 

Then. 0. 1 i^ig of tiie above EcoRI-Sp/l fragment of each replacement version of the human CDR-grafted anti-GMg 
antibody L chain V regkin and 0.1 pg of tiie EcoRl-5^/1 fragment of pBSL3 were added to a total of 20 fd of sterilized 
water and ligated to each otfier using Ready-To-Qo T4 DNA ligase (Pharmacy Biotech). The thusKsbtained reoom- 
txnant plasmki DNA solution was used to transform Escherichia coli HB101. and a plasmki DNA was prepared from a 

50 transformant clone, and the t^ase sequence of saki plasmki was determined. In this way, plasmids respectively contain- 
ing a base sequence having a desired mutation or mutations were obtained. 

Thus, a plasmid. pBSLVI , containing verskjn 1 . shown in SEQ ID NO:37. of the human CDR-grafted anti-GM2 anti- 
body L chain V region was obtained following the above procedure using the synthetic DNA of SEQ ID NOd5 as the 
mutant antisense primer and the synthetic DNA of SEQ ID NO:36 as the mutant sense primer. In the amino add 

55 sequence of the verston 1 human CDR-grafted anti-GMg antibody L cfiain V region, the amino acid valine in position 15 
in the.FR is replaced t>y prdine tfiat is found in the mouse antibody KM796 L chain V region. This is fbr tfte purpose of 
retaining the antigen-binding capacity of mouse antitxx:ly KM796. 

A plasmkJ, pBSLVa. containing version 2, shown in SEQ ID NO:40, of the human CDR-giafted anti-QM^ ant*body 
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L chain V region was obtained following the above procedure using the synthetic DfsIA of SEQ ID NO.-SS as the mutant 
antisense primer and the synthetic DNA of SEQ ID N039 as the mutant sense primen In the amino acid sequence of 
the version 2 human CDR-grafted anti-GM2 antibody L chain V region, the amino acid leucine in positions 46 In the FR 
is replaced by tryptophan that is found in the mouse antibody KM796 L chain V region. This is for the purpose of retain- 
5 ing the antigen-binding capacity of mouse antibody KM796. 

A plasmld. pBSLV3. contarning version 3, shown in SEQ ID NO:43. of the human CDR-grafted anti-GM2 antibody 
L chain V region was obtained following the above procedure using the synthetic DNA of SEQ ID NO:41 as the mutant 
antisense primer and the synthetic DNA of SEQ ID NO:42 as the mutant sense primer. In the amino acid sequence of 
the version 3 human CDR-grafled anti-GM2 antbody L chain V region, proline in position 79 and Isoleudne in position 
10 82 in the FR are both replaced by alanine that is found in the mouse antibody KM796 L chain V region. This is for the 
purpose of retaining the antigen-btnding capacity of mouse antibody KM796. 

Then, a ptasmid. pBSLVI-i-2. containing a human CDR-grafted anti-GM2 antitxxly L chain V region having both the 
version 1 and version 2 replacements was constructed in the following manner. 

Three ^g of the plasmld pBSLVI obtained as mentioned above was added to 10 ^1 of 10 mM Trls- hydrochloride 
15 buffer (pH 7.5) containing 50 mM sodium chloride. 10 mM magnesium chloride and 1 mM DTI. 10 units each of tiie 
restriction enzymes EcoRl (Takara Shuzo) and /Y/ndlll (Takara Shuzo) were further added, and the reaction was 
allowed to proceed at 37°C for 1 hour. The reaction mixture ¥vas fractionated t>y agarose gel electrophoresis, and about 
0.2 (ig of an £coRI-H/ndlll fragment about 0.20 kb in size was recovered. 

Then, 3 ^g of the plasnid pBSLV2 obtained as mentioned abcve weis added to 10 iil of 10 mM Tris-hydrochforide 
20 t>uffer (pH 7.5} containing 50 mM sodium chloride. 10 mM magnesium chforide and 1 mM DTT, 10 units each of the 
restriction enzymes EcoRl (Takara Shuzo) and HindlW (Takara Shuzo) were further added, aiKl the reaction was 
allowed to proceed at 37*^0 for 1 hour. The reaction mixture was fractionated by agarose gel electrophoresis, and about 
1 >ig of an EcoRI-H/ndtll fragment about 3.2 kb in size was recovered. 

Then. 0.1 ^g of the EcoRI-H/ndlll fragment of pBSLVI and 0.1 pg of the EcoRI-H/ndlll fragment of pBSLV2. each 
25 obtained as mentfoned above, were added to a total of 20 }il of sterilized water and ligated to each other using Ready- 
To-Go T4 DNA Ligase (Pharmacia Biotech). The thus-obtained recombinant plasnud DNA solution was used to titans- 
form Escherichia coli HB101 . and the plasmM pBSLV1+2 shoyvn in Rg. 34 was obtained. 

Then, the PGR reaction procedure mentioned above was fblfowed using 1 ng of the plasmid pBSLVI >f2 obtained 
as mentioned at^e as the template, a synthetic DNA having the base sequence of SEQ ID NO:44 as the mutant anti- 
30 sense primer and a syrthetic DNA having the base sequence of SEQ ID NO:45 as the mutant sense primer, whereby 
a plasmid. pBSLV4. containing a version 4 human CDR-grafled anti-GM2 antibody L chain V region set forth in SEQ ID 
NO:46 was obtained. In the amino acid sequence of the version 4 human CDR-grafted anti-GM2 antftsody L chain V 
region, valine in position 15, leucine in position 46, aspartic ackl in position 69, phenylalanine in position 70 and threo- 
nine in position 71 in the FR are replaced by proline, tryptophan, serine, tyrosine and serine, respectively, that are found 
55 in the mouse antbody KM796 L chain V region. This is for the purpose of retaining the antigen-binding capacity of 
nxjuse antibody KM796. 

Then, the PCR reactton procedure mentioned above was foltowed using 1 ng of the plasmid pBSLVI -i-2 obtained 
as mentioned atx>ve as the template, a synthetic DNA having the base sequence of SEQ ID NO:47 as the mutant anti- 
sense primer arxi a synthetic DNA having the base sequence of SEQ ID N0:46 as the mutant sense primer, wher^ 

40 a plasmid, pBSLVS, containing a versbn 6 human CDR-grafted anti-GMa anti'txxjy L chain V region set forth in SEQ ID 
N0:49 was obtained. In the amino acid sequence of the verskin 8 human CDR-^iafted anti-OM2 antitxidy L chain V 
region, valine in position 15. leucine in position 46. aspartic add in position 69. phenylalanine in position 70. threonine 
in position 71 , serine in position 76. leudne in position 77 and glutamine in position 78 in the FR replaced t>y proline, 
tryptophan, serine, tyrosine, serine, arginine. metNonine and glutamic add, respectively, that are found in the mouse 

45 antibody KM796 L chain V regk)n. This Is for the purpose of retaining the antigen-tending capadty of mouse antibody 
KM796. 

Then, the PCR reaction procedure mentioned alaove was followed using 1 ng of the plasmid pBSLV4 obtained as 
mentbned above as the template, a synthetic DNA having the t>ase sequerx:e of SEQ ID NO:50 as the mutant anti- 
sense primer and a synthetic DNA having the base sequence of SEQ ID N0:51 as the mutant sense primer, whereby 

50 a plasmid, pBSLm-2. containing a version Lm-2 human CDR-grafted anti-GMs antibody L chain V regton set fortii in 
SEQ ID NO:52 was obtained. In the amino add s&i^uence of the version Lm-2 human CDR-grafted anti-GMg antitxxiy 
L chain V region, valine in position 15. tyrosine in positton 35. leudne in position 46. aspartic acid in position 69. phe- 
nylalanine in positbn 70 and threonine in position 71 in the FR are replaced by proline, phenylalanine, tryptophan, ser- 
ine, tyrosine arvl serine, respectively, that are found in the mouse antibody KM796 L chain V region. This is for the 

ss purpose of retaining the antigen-binding capacity of mouse antitxxjy KM7g6. 

Then, the PCR reaction procedure mentioned above was followed using 1 ng of the plasmid pBSLV4 obtained as 
mentk>ned abcve as tiie template, a synthetic DNA having the base sequence of SEQ ID NO:53 as the mutant anti- 
sense primer and a synthetic DNA having the base sequence of SEQ ID NO:54 as the mutant sense primer, whereby 
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a plasmid. pBSLm-8. containing a version LnvB human CDR-grafted anti-GM^ antibody L chain V region &et forth in 
SEQ 10 NO:55 was obtained. In the amino add sequence of the version l-m-8 human CDR-grafted anti-GM2 antibody 
L chain V region, valine in position 15. leucine in position 46, aspartic acid in position 69, phenylalanine in position 70. 
threonine in position 71. phenytatanine in position 72.and serine in position 76 in the FR are replaced by proline, ti^p- 

5 tophan. serine, tyrosine, serine, leucine and arginine. respectively, that are found in the mouse antibody KM796 L chain 
V region. This is fbr the purpose of retaining the antigen-binding capacity of mouse antitiody KM796. 

then, a plasmid. pBSLm-28, containing a human CDR-grafted anti-GM2 antaxidy L chain V region having tx>th tiie 
version Lm-2 and version Lm-8 replacements was constructed in the following manner. 

Three of the plasmid pBSLm-2 obtained as mentioned above was added to 10 ^1 of 50 rvM Tris-hydrochioride 

10 buffer (pH 7.5) containing 100 mM sodium chloride, 10 mM magnesium chloride and 1 mM DTT, 10 units of the restric- 
tion enzyme EcoRI (Takara Shuzo) was further added, and the reaction was allowed to proceed at 37°C fbr 1 hour. The 
reaction mixture was subjected to ethanol precipitation, the precq3itate was added to 10 iiJ of 10 mM Tris>hydrochtoride 
.buffer (pH 7.5) containing SO mM sodium chrioride, 10 mM magnesium chloride, 1 mM DTT and 100 ^g/ml BSA, 10 units 
of the restriction enzyme Xba\ (Takara Shuzo) was further added, and the reaction as allowed to proceed at 37*^0 for 1 

15 hour. The reaction mixture was fractionated by agarose gel electrophoresis, and about 0.2 ^g of an EcoRI- Aba I frag- 
ment about 0.24 kb in size was recovered. 

Then. 3 |ig of the plasmid pBSLm-8 ot>tained as mentioned above was added to 10 pi of 50 mM Tris-hydrochloride 
buffer (pH 7.5) containing 100 mM sodium cNoride, 10 mM magnesium chloride and 1 mM DTT, 10 units of the restric- 
tfon enzyme Eoo Rl (Tatara Shuzo) was further added, and the reactran was allowed to proceed at 37^0 for 1 hour. The 

20 reaction mixture was subjected to ethanol precipitation, ttie precipitate was added to 10 iJ of 10 mM Tris-hydrochloride 
buffer (pH 7.5) containing 50 mM sodium chloride, 10 mM magnesium chloride. 1 mM DTT and 100 ^g/ml BSA, 10 units 
of the restriction enzyme Xba\ (Tai^ra Shuzo) was further added, and the reaction was allowed to proceed at 37°C fbr 
1 hour. The reaction mixture was fractionated by agarose gel electrophoresis, and about 1 pg of an EcoH\-Xba\ frag- 
ment atx^ut 3. 16 M) in size was recovered. 

25 Then, 0.1 ^g of the EcoBl-Xbal fragment of pBSLn>-2 and 0.1 (ig of the 5coRI-X2>al fragment of p6SLm-8. each 
obtained as mentioned above, were added to a total of 20 fJ of sterilized water and ligated to each other using Ready- 
To-go T4 DNA Ligase (Pharmacia Bbtech). The thus-obtained rQcorrd:>inant plasmid DNA solution was used to trans- 
form Escherichia coli HB101. and the plasmid pBSLnv28 shown in Fig. 35 was obtained. The version ljn-28 human 
CDR-grafted anti-GM2 antibody L chain V region contained in the plasmid pBSLm-28 is shown in SEQ ID NO:8. In the 

30 amino acid sequence of the version Lnrh28 human CDR-grafted anti-GM2 antibody L chain V region thus constructed, 
valine in position 15. tyrosine in position 35, leucine in position 46, aspartic acki in position 69, phenylalanine in position 
70, threonine in positton 71, phenylalanine in position 72 and serine in position 76 are replaced by proline, phenyla- 
lanine, tryptophan, serine, tyrosine, serine, leudne and arginine, respectively, that are found in the mouse anta'body 
KM 796 L chain V region. This is for the intended purpose of retaining tiie antigen-binding capacity of mouse antibody 

35 KM796. 

(4) Construction of human CDR-grafted anti-GM2 antibody L diain V region using known HMHCS of human antbody 
L chain V regfon 

40 According to Kabat etal, 0<abBX E. A. etat., "Sequences of Proteins of Immunotogicallnterest', US Dept of Health 
and Human Services. 1 991], known human antbody L diain V regions are classifiable into subgroups I to IV tiased on 
the homology of their FR regions, and common sequences have been identified for respective subgroups. The present 
inventors identified HMHCS as one meaning from the common sequences, a human CDR-grafted anti-QM2 anttoody L 
chain V region was constructed teased on the HMHCs. First, for selecting common sequences to serve as the base, the 

45 homology was exmined between tiie FR of the mouse antibody KM796 L chain V region and tiie FR of the HMHCS of 
the human antibody L chain V region of each subgroup (Table 2). 



TABLE 2 



Homology (%) between mouse antibody KM796 L cfiain V region 
FR and human antitxxiy L chain V region common sequence FR 


HSGI 


HSQII 


HSQ III 


HSG IV 


70.0 


65.0 


68.8 


67.5 



As a result, it was confirmed that subgroup I shows ttie greatest similarity Thus based on the common sequence 
of subgroup I, a human CDR-grafted anti-QMg antibody L chain V region was consti^ucted by the PCR method in the 
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following manner 

Synthetic DNAs respectively having the base sequences of SEQ ID NO:56 through SEQ ID NO:61 were synthe- 
sized using an automatic DNA synthesizer (Applied Systems model 360 A). The DNAs synthesized were added, each 
to afinal concentration of 0.1 pM. to 50 ^l of 10 mM Tris-hydrochloride buffer (pH 8.3) containing 50 mM potassium chlo- 

5 ride, 1.5 mM magnesium chloride, 0.001% gelatin, 200 yM dNTP. 0.5 pM M13 primer RV (Takara Shuzo), 0.5 M13 
primer MA (Takara Shuzo) and 2 units of TaKaRa Taq DNA polymerase. The mixture was covered with 50 ^il of mineral 
oil, a DNA thermal cycler (Perkin Elmer model PJ4d0} was loaded with the mixture, and 30 PGR cycles (2 minutes at 
94*'C, 2 minutes at SS^'C and 2 minutes at 72°C per cycle) were conduct^:!. The reaction mixture was purified using 
QIAquick PGR Purificatran Kit (Qiagen) and then made into a solution In 30 ^il of 50 mM Tris-hydrochlorkie buffer (pH 

10 7.5) containing 100 mM sodium chtoride. 1 0 mM magnesium chloride, 1 mM DTT and 100 jjig/ml BSA, 10 units each of 
the restriction enzymes EcoRI (Takara Shuzo] and Sp/I (Takara Shuzo) were further added, and the reaction was 
allowed to proceed at ZT'C for 1 hour. The reaction mixture was fractionated by agarose gel electrophoresis, and about 
0.2 pg of an £coRI-Sp/l fragment about 0.39 kb in size was recovered. 

Then. 0.1 |iQ of the above EcoRI-^l fragment of the human GDR-grafted anti-GM2 antibody L chain V region arxl 

IS 0.1 (ig of the EcoRI-^/l fragment of pBSL3 were added to a total of 20 |il of sterilized water and ligated to each ottner 
using Ready-To-Go T4 DNA Ligase (Phanmacia Biotech). The thus-obtained recombinant plasmid DNA solutton was 
used to transform Escherichia coti HB101. Plasmid DNAs were prepared from 10 transtbrnoant ctones and their base 
sequences were determined. As a result a plasmid, pBSHSGL. shown in F^. 36 and having the desired base 
sequence was obtained. The amino ackl sequence and base sequence of the human GDR-grafted anti-GM2 antibody 

20 L chain V region contained in pBSHSGL are shown in SEQ ID NO:9. In tfie amino acid sequence of the thus-con- 
struct ed human GDR-grafted anti-QM2 antbody L chain V region, methionine in position 4, leucine in position 1 1 , valine 
in position 15. tyrosine in position 35. alanine in position 42, leucine in position 46. aspartic add in position 69. pheny- 
lalanine in position 70, threonine in position 71. leucine in position 77 and valine in position 103 in the PR as selected 
based on a computer nxxiel for the V region are replaced by leucine, methionine, proline, phenylalanine, serine, tryp- 

25 tophan, serine, tyrosine, serine, methtonine and leucine, respectively, that are found in the mouse antibody KM796 L 
chain V region. This is for the interxjed purpose of retaining the antigen-binding capacity of mouse antibody KM79a 

2. Activity evaluation of replacement ver5k>ns of human CD R-grafted anti-QM^ antibody in terms of transient expressk)n 

30 Various replacement version human GDR-grafted anti-GMg antbodies composed of the human GDR-grafted anti- 
GM2 antibody H chain and L chain V regions constructed in Paragraphs 3 (1) through (4) of Example 3 and having var- 
ious replacements were evaluated for activity in terms of transient expression in the following manner. • 

Rrst. for evaluating the human GDR-grafted anti-GM2 arrtitxxly H chain V regions having vartous r^acements, 
expression vectors, pT7g6HGDRHV2. pT796HCDRHV4 and pT796HCDRH10. were constructed by rq3lacing the 

35 mouse H chain V region of the mouse-human chimeric anti-GM2 antikKxIy transient expression vector pT796 obtained 
in Paragraph 1 (1) of Exanrjple 2 of JP-A-6-205694 with the human GDR-grafted anti-GM2 ant'body H chain V regions 
having various replacements, in the following manner. For comparison, an expression vector. pT796HGDR was con- 
structed by replacing the nx>use H chain V region of pT796 with the human GDR-grafted anti-GM2 antibody H chain V 
region obtained in Paragraph 1 (1) of Example 2. 

40 Three |ig of the plasmid pT796 was added to 10 ^l of 50 mM Tris-hydrochloride buffer (pH 7.5) containing 100 mM 
sodium chlorkJe. 10 mM magnesium chloride. ImM DTT and 100 pg/ml BSA. 10 units each of the restriction enzymes 
EcoRI (Takara Shuzo) and Spn (Takara Shuzo) were further added, and tiie reaction was allowed to proceed at 37**G 
for 1 hour. The reaction mixture was fractionated by agarose gel electi'Ophoresis. and about 1 ^g of an EcoH\-Spf\ frag- 
ment about 9.20 kb in size was recovered. Then. 3 ^g of the plasmid pBSLIS obtained in Paragraph 1 (3) of Example 

45 3 was added to 10 of 50 mM Tris-hydrochloride buffer (pH 7.5) containing 100 mM sodium chtoride, 10 mM magne- 
sium ch toride. 1 mM DTT and 1 00 ^g/mi BSA, 1 0 units each of the restriction enzymes EcoRI (Takara Shuzo) and Spl\ 
(Takara Shuzo) were further added, and the reaction was allowed to proceed at 37**C for 1 hour. The reaction mixture 
was fractionated by agarose gel electrophoresis, and about 0.3 ^g of an EcoRI-Sp/l fragment about 0.39 M3 in size was 
recovered. 

50 Then.0.1 jxg of the EcoRI-Sp/l fragment of pT796 and 0.1 ^g of the EcoRI-^l I fragment of pBSLI 6. each obtained 
as mentioned abcy/e, were added to a total of 20 ^1 of sterilized water and ligated to each other using Ready-To-Oo T4 
DNA Ugase (Pharmada Biotech). The tiius-ot)tained recombinant plasmid DNA solution was used to transform 
EscheficNa coH HB101 , and the plasmid pT796LGDR shown in Fig. 37 was otjtatned. 

Then, 3 \lq of the above plasmkJ pT796LGDR was added to 1 0 mI of 1 0 mM Tris-hydrochloride buffer (pH 7.5) oon- 

55 taining 10 mM magnesium chloride and 1 mM DTT. 10 units of the restrk:tion enzyme Apa\ (Takara Shuzo) was further 
added, and the reaction was allowed to proceed at 3T*C for 1 hour. The reaction mixture was subjected to ^hand pre- 
cipitation, the precipitate was added to 10 ^1 of 50 mM Tris-hydrochloride txjffer (pH 7.5) containing 100 mM sodium^ 
chloride, 10 mM magnesium cNorkie, 1 mM DTT, 100 |ig/ml BSA and 0.01% Triton X-100, 10 units of the restriction 
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enzyme Not\ (Takara Shuzo) was further added, and the reaction was allowed to proceed at ZT'C for 1 hour. The reac- 
tion mixture was fractionated by agarose gel electrophoresis, and about 1 of an ^al-Atofl fragment about 9.1 1 kb 
in size was recover&j. 

Then. 0.1 of the human CDR-grafled arTti-GM2 antit>ody H chain V region obtained in Paragraph 1 (1) of Exam- 

5 pie 2 of JP-A-6-205694 or the replacement version 2 or 4 human CDR-grafled anti-GM2 antbody H chain V region 
obtained in Paragraph 1 (1) of Example 3 and 0.1 pg of the Apa\'Not\ fragment of pT796LCDR were added to a total 
of 20 of sterilized water and ligated to each other using Ready-To-Go T4 DMA Ligase (Pharmacia Biotech). Each 
recombinant plasmid DNA solution thus obtained was used to transform Escherichia cofi HB101. The plasmtds 
pT796HLCDR. pT796HLCDRHV2 and pT796HLCDRHV4 shown in Rg. 38 were obtained. 

10 Then. 3 (ig of the plasmid pBSHIO obtained in Paragraph 1 (2) of Example 3 was added to 10 fil of 10 mM Tris- 
hydrochloride buffer (pH 7.S) containing 10 mM magnesium chloride and 1 mM DTT, 10 units of the restriction enzyme 
Apa\ (Tatera Shuzo) was further added, and the restriction was allowed to proceed at 37*'C for 1 hour. Tlie reaction mix- 
ture was subjected to ethand predpitation, the predprtate was added to 10 \jA of 50 mM Tris-hydrochloride buffer (pH 
7.5) containing 100 mM sodium chloride. 10 mM magnesium chloride. 1 mM DTT, 100 ugAnl BSA and 0.01% Triton X- 

15 1 00. 1 0 units of the restriction enzyme Not\ (Takara Shuzo) was further added, and the reaction was allowed to proceed 
at Sl'^C for 1 hour. The reaction mixture was fractionated by agarose gel electrophoresis, and about 0.3 ^ of an ^pal* 
A/of I fragment at>out 0.44 kb in size was recovered. 

Then, 0.1 fig of the Apa\-Not\ fragment of pBSMIO and 0.1 pg of the Apai-Notl fragment of pT796LCDR were 
added to a total of 20 |aI of sterilized water and ligated to each other using Ready-To-Go T4 DNA Ligase (Pharmacia 

20 Biotech). The thus-obtained recombinartt plasmid DNA solution was used to translbrm Escherichia coti HB1 01 , and the 
plasmid pT796HLCDRH10 shown in Fig. 39 was obtained. 

Then, 3 ^g each of the plasmids pT796HLCDR. pT796HLCDRHV2. pT796HLCDRHV4 and pT796HLCDRH10 
were respectively added to 10 fJ of 50 mM Tris-hydrochloride buffer (pH 7.5) containing 100 mM sodium chloride, 10 
mM magnesium chloride, 1 mM DTT and 100 ^gAnl BSA, 10 units each of the restriction enzymes EcoRI O'akara 

25 Shuzo) and Sp/I (Takara Shuzo) were further added, and the reaction was alk>wed to proceed at 37"C for 1 hour. Each 
reaction mixture was fractionated by agarose gel etectrophbresis. arxi about 1 ^g of an EcoR l-S^/l fragment about 9.15 
kb in size was recovered. 

Then, 5 of the plasmid pBSL3 dk>tained in Paragraph 1 (2) of Example 2 was added to 10 ^1 of 50 mM Tris-hydro- 
chloride buffer (pH 7.5) containing 100 mM sodium chbride. 10 mM magnesium chloride. 1 mM DTT and 100 ^ml 
so BSA, 10 units each of the restriction enzymes EcsoRI (Takara Shuzo) arxJ Sp/I (Takara Shuzo) were further added, and 
the reaction was allowed to proceed at 37*^0 for 1 hour. The reaction mixture was fractionated by agarose gel electro- 
phoresis, and about 0.4 ^g of an £coRI-Sp/l fragment about 0.39 M) in size was recovered. 

Then, 0.1 pg of the EcoH\-Spl\ fragment of each of pT796HLCDR, pT796HLCDRHV2, pT796HLjCDRHV4 and 
pT796HLCDRH10 and 0.1 ijg of the EcoRI-S^/l fragment of pBSL3 were added to a total of 20 |il of sterilized water and 
35 ligated to each other using Ready-To-Qo DNA Ligase (Pharmacia Biotech). Each recombinant plasmid DNA solution 
thus otrtained was used to transform EschericNa coli HB1 01 . In this way, the plasmids pT796HCDR, pT796HCDRHV2. 
PT796HCDRHV4 and pT796HCDRH10 shewn in Fig. 40 were obtained. 

Then. 2 hq each of the plasmids pT796HCDR. pT796HCDRHV2, pT796HCDRHV4 and pT796HCDRHlO thus 
obtained were used for transient human CDR-grafted anti-GM2 antitxxfy expressk^n and for culture supernatant human 
40 CDR-grafted anti-QM2 antibody activity evaluation by the procedures descrbed in Paragraphs 1 (5), 2 (2) and (3) of 
Example 2. After introduction of each plasmid. the culture supernatant was recovered at 72 hours, and the GM2'binding 
activity and antibody concentration in the culture supematant were determined t>y EL ISA and the relative activity ¥vas 
calculated with the activity of the positive control chimera antibody taken as 1 00%. The results are shown in Fig. 41 . 
The results revealed that the amino acid residue replacements ak)ne in replacement versk)ns 2 and 4 have Irttie 
45 influence on the restoration of the antigen-binding activity of the human CDR-grafted arrti-GM2 antibody but that the use 
of the pBSHI O-derived human CDR-grafted antSxxty H chain V region constructed based on the known HMHCS of the 
human antiobdy H chain V region. contrOxites to the restoration of ttie antigen-binding activity. 

In view of tfie at>ove results , the human CDR-grafted anti-QM2 antibody H chain V region constructed based on 
the known HMHCS of the human antibody H chain V region as shown in SEQ ID N0:7 was selected as a novel human 
50 CDR-grafted arrti-GM2 antitxxJy H chain V region. 

Then, for evaluating the human CDR-grafted anti-<3M2 antibody L chain V regions having various replacements, 
expression vectors, pT796HLCDRLV1. pT796HLCDRLV2. pT796HLCDRLV3. pT796HLCDRLV4. pT796HLCDRLV8. 
pT796HLCDRLm-2. pT796HLCDRLm-8, pT796HLCDRLm-28, and pT796HLCDRHSQL. were constnicted in the fbl- 
IcMring manner by replacing the mouse L chain V regon of the vector pT796HCDRH1 0 for transient human CD R-grafted 
55 anti-GM2 antibody expression obtained as mentioned above with the human CDR-grafted anti-GM2 antibody L chain V 
regions having various replacements. 

Thus, 3 ^g of theplasmki pT796HCDRH10 was added to 10 pi of 50 mM Tris-hydrochbrtie buffer (pH 7.5) contain- 
ing 100 mM sodium chloride, 10 mM magnesium chloride, 1 mM DTT and 100 fig/hil BSA, 10 units each of the restric- 
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tion enzymes EcoRI (Takara Shuzo) and Sp/I rnal®(^ Shuzo) were further added, and the reaction was allowed to 
proceed at Zl'^C for 1 hour. The reaction mixture was fractionated tiy agarose gel electrophoresis, and about 1 iig of an 
EcoH\'Spt\ fragment about 9.15 kb in size was recovered. 

Then. 3 pg of the plasmid pBSLVI. pBSLV2. pBSLV3. pBSLV4,. pBSLV8. pBSLnv2. pBSLm-8. pBSLm-28 or 

5 pBSHSQL ot>tained in Paragraph 1 (3) or (4) of Example 3 was added to 10 |il of 50 mM Tris-hydrochloride buffer (pH 
7.5) oorrtaining 100 mM sodium chloride. 10 mM magnesium chloride. 1 mM DTT and 100 iig/ml BSA. 10 units each of 
the restriction enzymes EcoRI (Takara Shuzo) and Spl\ (Takara Shuzo) were further added, and the reaction was 
allowed to proceed at 37*C for 1 hour. Each reaction mixture was fractionated by agarose gel electrophoresis, and 
atx)Ut 0.3 piQ of an EcoRI- Sp/i fragment about 0.39 kb in size was recovered. 

10 Then, 0.1 ^g of the EcoRI-Sp/i fragment of the pT796HCDRH10, and 6.1 ^g of the EcoRI-Sp/l fragment of each 
replacement version human CDR-^fted anti-GM2 antibody L chain V region were added to a total of 20 pi of sterilized 
water and ligated to each other using Ready-To-Go T4 DfsIA Ligase (Pharmacia Biotech). Each recombinant plasmid 
DNA solution thus obtained was used to transfbmi Escherichia coii HB101 . In this way, the plasmtds pT796HLCDRLV1 , 
pT796HLCDRLV2, pT796HLCDRLV3, pT796HLCDRLV4. pf796HLCDRLV8. pT796HLCDRLm-2. pT796HLCDRLm-8. 

15 pT796HLCDRLjn-28 and pT796HLCDRHSGL were obtained as shown in Fig. 42. 

Then, 2 pg each of the thus-obtained plasmids pT796HLCDRLV1 . pT796HLCDRLV2. pT796HLCDRLV3. 
PT796HLCDRLV4. pT796HLCDRLV8. pT796HLCDRLm-2. pT796HLCDRLnv8. pT796HLCDRLm-28 and 
pT796HLCDRHSQL and of the plasmid pT796HLCDR described in Example 2 of JP-A-6-205694 and capable of 
expressing human CDR-grafted anti-GM2 antibody were used for transient human CDR-grafted anti-GM2 antibody 

so expression and for culture supernatant human CDR-grafted anti-GMg antit>ody activity evaluation by the procedures 
desab^ in Paragraphs 1 (5) and 2 (2) and (3) of Example 2. After introduction of each plasmid. the culture superna- 
tant was recovered at 72 hours, and the GMa-binding activity and antitxxJy concentration in the culture supernatant 
were detemitned by ELISA and the relative activity was calculated witii the activity of the positive control chimera anti- 
body taken as 100%. The results are shown in Fig. 43. 

25 The results revealed that the amino add residue replacements alone in replacement versions 1 . 2, 3. 4 and 8 have 
little influence on the restoration of the antigen-binding. activity of the human CDR-grafted anti-OM2 antibody but that 
the amino ackJ residue replacements in replacement versions Ln>2 and Lnn-8 contributes to the restoratbn of the anti- 
gen-binding activity. Furthermore, version Lm-28 having both the amino acid residue replacements of Lm-2 and Lm-8 
showed a high level of antigen-biding activity almost comparable to that of the chimera antitxxiy. revealing that those 

30 amino add residues replac&d in producing Lm-28 were very important from the antigen-binding activity viewpoint 

In view of the above results, the version Lm-28 human CDR-grafted anti-GM2 antitxxJy L chain V region shown in 
SEQ ID NO:8 was selected as a first novel human CDR-grafted arrti-GM2 antitxxiy L chain V region. 

It was further revealed that the antigerhbinding activity can be restored when the pBSHSGL-derived human CDR- 
grafted anti-GM2 ^ibody L chain V region, namely the human CDR^afted anti-GM2 antibody L cftain V region con- 

55 structed based on the known HMHCS of the human antibody L chain V region, is used. 

In view of the above result, the human CDR-graft^ anti-GM2 antibody L chain V regfon constructed based on the 
known HMHCS of the human antibody L chain V region as set forth in SEQ ID NO:9 was selected as a second novel 
human CDR-grafted anti-GM2 antibody an L chain V region. 

It is to be noted that in those human CDR-grafted anti-GM2 ant body L chain V regions that shewed high binding 

40 activity against GM2, certain amino acid residues which cannot be specified by deduction fro known human CDR- 
grafted antibody production examples have been replaced by amino acid residues found in the mouse L chain V region. 
Thus, obviously, it was very important, in human CDR-grafted anti-GM2 arrtibody production, to identify these amino 
add residues. 

Furthermore, the fact that the human CDR-grafted anti-GMg antibodies having those human CD R-grafted anti-GMg 
45 antibody H chain and L chain V regtons based on the known HMHCS of tiie human antibody V region showed high anti- 
gen binding activity is proof of the usefulness of the present process in human CDR-grafted antibody production. ' 

3. Acquisita'on of cell lines for stable production of human CDR-grafted anti-GM2 antibodies 

so Based on the results of Paragraph 2 (5) of Example 3. two cell lines. KM8966 and KM8987, capable of stably 
expressing KM8966, which has the amino add sequence set forth in SEQ ID NO:7 as the H chain V region and the 
amino add sequence set forth in SEQ ID NO:8 as ttie L chain V region, and KM8967. which has the amino acid 
sequence set forth in SEQ ID NO:7 as the H chain V region and the amino acid sequence set forth in SEQ ID N0:9 as 
the L chain V regioa respectively as human CDR-grafted anti-GM2 antitxxites having higher antigen-binding activity 

55 than the human CDR-grafted anti-GfM2 antibody descrbed in Example 2 of JP-A-6-205694 were obtained in the folfow- 
ing manner. 

Three pg each of the plasmids pT796HLCDRLm-28 and pT796HLCDRHSGL obtained in Paragraph 2 (5) of Exam- 
ple 3 were respectively added to 10 ^1 of 20 mM Tris-hydrochloride buffer (pH 8.5) containing 100 mM potassium chlo- 
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ride. 10 mM magnesium chloride and 1 vnM DTT. 10 units of the restriction enzyme BamH\ (Takara Shuzo) was further 
added, and the reaction was allowed to proceed at 37^0 for 1 hou. Each reaction mixture was sut^jected to ethanol pre- 
cipitation, the prectprtaie was added to 10 fil of 50 mM Tris-hydrochloride t>uffer (pH 7.5) containing 100 mM sodium 
chloride, 10 mM magnesium chloride and 1 mM DTT, 10 units of the restriction enzyme Xho\ (Takara Shuzo) was fur- 

5 ther added, arxi the reaction was allowed to proceed at 37^0 for 1 hour. Each reaction mixture was fractionated by aga- 
rose gel electrophoresis, and about 1 fig of a BamHl-Xhoi fragment about 4.93 kb in size was recovered. 

Then, 3 Mg of the plasmid pKANTEX93 obtained in Example 1 was added to 10 ^1 of 20 mM Tris-hydrochtoride 
buffer (pH 6.5) containing 100 mM potassium chloride. 10 mM magnesium chloride and 1 mM DTT 10 units of the 
restriction enzyme SamHi (Takara Shuzo) was further added, and the reactk)n was allowed to proceed at 37^0 for 1 

10 hour. The reaction mixture was subjected to ethanol precipitation, the precipitate was added to 10 ^1 of 50 mM Tris- 
hydrochloride tMiffer (pH 7.5) containing 100 mM sodium chloride, 10 rvM magnesium chlorkle and 1 mM DTT, 10 units 
of the restriction enzyme Xho\ (Takara Shuzo) was further added, and the reaction was allowed to proceed at 37"C for 
1 hour. The reaction mixture was fractionated by agarose gel electrophoresis, and about 1 (ig of a BamH\'Xho\ frag- 
ment alx)ut 8.68 kb in size was recovered. 

15 Then. 0.1 ng of the BamH\'Xho\ fragment of pT796HLCDRLm-28 or pT796HLCDRHSGL and 0.1 jig of the 
BamH\-Xho\ fragment of pKAtsrrEX93. each obtained as mentk^ned atx>ve. were added to a total of 20 |iJ of sterilized 
water and figated to each otiier using Ready-To-Go T4 DNA Ligase (Ptiarmacia Biotech). Each recombinant plasmid 
DNA solution thus ofcrtained was used to transform Escherichia coli HB101. In this way, the plasmids 
pKANTEX796HLCDRLm-26 and pKANTEX796MLCDRHSGL shown in Fig. 44 were obtained. 

20 Then. 4 |ig each of the atx>ve plasmids pKANTEX796HLCDRLnv28 and pKANTEX796HLCDRHSGL were respec- 
tively used to transform YB2/0 (ATCC CRL 1581) cells according to the procedure descril>ed in Paragraph 1 (4) of 
Example 2 and. after final selection using Q418 (0.5 mg/ml) and MTX (200 nM). a transformant cell line. KM8986. capa- 
ble of producing about 40 jig/ml of KM8966. i.e. the pKANTEX796HLCDRLm-28-derived human CDR-grafted anti-GMa 
antibody, and a transformant cell line. KM8967. capat)le of producing about 30 ^g/ml of KM8967. i.e. the 

25 pKANTEX796HLCDRHSGL-derfved human CDR-grafted anti-GM2 antitxxiy. were obtained. 

The transfbrmants KM8966 and KM8967 have been deposited with National Institute of Bioscience and Human- 
Technology. Agency of Industrial Science and Technology (Higashi 1-1-3. Tsukuba, Uaaraki. Japan; hereinafter the 
address is the same asttiis) on May 23. 1995 under thedeposit numbers PERM BP-5105.andFERMBP-5106, respec- 
tively 

30 

4. Purification of human CDR-grafted anti-GM2 antilxxiies KM8966and KM8967 

The transformant cell lines KM6966 and 8967 obtained in Paragraph 3 of Example 3 were respectively susperxJed 
in GIT medium (Nippon Phamiaceutical) containing 0.5 mg/mf G418 and 200 nM MTX and. according to the procedure 

35 of Paragraph 1 1 of Example 1 of JP-A-6-205694. 18 mg of purified human CDR-grafted anti-GM2 antilxxly KM8966 and 
12 mg of purified t<M8967 were obtained each from about 0.5 liter of culture flukJ. Ihree ^g each of the purified human 
CDR-grafted anti-GM2 arrtiixxHes otstained and the mouse-human chimerk: anti-GM2 antibody KM968 were subjected 
to electrophoresis by the known method [Laemli, UK, Nature, 227. 680 (1979)] for molecular weight detemiination. 
The results are shown in Rg. 45. As sfiown in Fig, 45. under reducing oonditfons. both antibody H chains showed a 

40 molecular weight of about 50 kilodaltons and both antibody L chains showed a nrK>lecular weight of atx)ut 25 kilodaltons. 
Expression of H and L chains of oonect molecular weights was thus oonfimied. Under nonreducing conditions, both 
human CDR-grafted anti-GM2 antibodies showed a molecular weight of about 1 SO kikxiattons and it was thus confirmed 
that antikxxJies each composed of two l-l drains and two L chains and having a correct size had t>een expressed. Fur- 
thermore, the H and L chains of ^ch human CDR-grafted anti-GMg antibody were analyzed for N-terminal amino acid 

45 sequ&ice by automatic Edman degradation using a protein sequencer (Applied Bk)systems model 470A). whereby an 
amino ackJ sequence deducble from the base sequence of the V regfon DNA constructed was revealed. 

5. in vitro reactivity of human CDR-grafted anti-GM2 antibodies KM8966 and KM8967 against GM2 

50 The mouse-human chimeric anti-GM2 antibody KM966 and tiie purified human CDR-grafted anti-GMg antibodies 
KM8966 and KM8967 were tested for reactivity against QM2 by ELISA as desaibed in Paragraph 1 (5) of Example 2. 
The results are shown in Rg. 46. GM2 (N-acetyl-GM2) used was purified from cultured cell line HPB-ALL [Oboshi et af. , 
TanpakushOsu, Kekusan & Koso [Protein, Nucleic Acid & Enzyme), ^ 687 (1978)] in accordance with the known 
method (J. Bioi. Chem., 263. 10915 (1988)]. As shown, it was found tiiat the purified human CDR-grafted anti-GM2 anti- 

ss txxiy KM8966 exerted tfie binding activity oomparat)le to that of the mouse-human cftimeric anti-GM2 antixuly t<M966. 
On the other hand, the binding activity of purified human CDR-grafted antt-GM2 antibody KM8967 was about 1/4 to 1/5 
of that of ttie mouse-human chimeric anti-GM2 antitxxjy KM966. 
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6. Reaction spedfidty of human CDR-grafted anti-GM2 antibodies KM8966 and KM8967 

The nwuse-human chimeric anti-QM2 antbody KM966 and the human CDR-grafted an^-Qt^ antibodies KM8966 
and KM8967 were tested for reactivity against the gangliosides GM^ . N-acety1-GM2. N-glycolyt-GM2. N-acetyl-GMs. N- 
5 glycolyl-GMa, GDiip GDib (latron), GD2. GD3 (latron) and QQib (latron) by ELtSA as described in Paragraph 1 (5) of 
Example 2. The results are shown in Rg. 47. GMt and GD^a were purified from bovine brain. N-acetyf-GMg from cul- 
tured cell line HPB-ALL [Oboshi et at., TanpakushHsu, Kakusan & Koso (Protein, Nucleic add & Enzyme), 2S. 697 
(1978)], N-glycolyl-G^2 N*gtycoiyi-GM3 from mouse live', N-acetyl-Qi^ canine erythrocytes, and GD2 from cul- 
tured cell fine IMR32 (ATCC CCL127). respectively by the perse known method [d Bioi. Chem., 263. 10915 (1988)]. 
10 Each antibody was used in a corKentration of 1 0 pg/iml. 

As shown in Rg. 47, it was confirmed that the tiuman CDR^rafted anti-GM2 antbodes KM8966 and KIM8967 react 
specifically vtrth GM2 (N-ac6tyl-GM2 and N-gtycotyl-GM2) like the mouse-human chimeric anti-GM2 antitxxjy KM966. 

7. Reactivity of human CDR-grafted anti-GMz antibodies KM8966 and KM8967 against cancer cells 

IS 

The human lung small cell carcinoma culture c^l line SBC-3 (JCRB 0818) (1 x 10^ cells) was suspended in PBS. 
the suspension was placed in a microtube (TREf=) and centrifuged (1 200 rpm. 2 minutes). To the thus-¥vashed cells was 
added 50 ^1 (50 ^xgAml) of the mouse-human chimeric anti-GM2 antibody KM966 or the purified human CDR-grafted 
anti-GM2 antibody KM8966 or KM8967. followed by stim'ng and 1 hourof starviing at 4''C. After the above reaction step, 

so . the cells were washed three times with PBS, each time followed by centrif ugation. Then, 20 ^ of fluorescein isocyanate- 
labeled protein A (30-foki dilution. Boehringer Mannheim) was added and, after stim'ng, the reaction was allowed to pro- 
ceed at 4''C for 1 hour. Thereafter, the cells were washed three times with PBS. each time followed by centrifugation. 
then further suspended in PBS and subjected to analysis using a flow cytometer, EPICS Elite (Coulter). In a control mn, 
the above procedure was followed without addition of the human CDR-grafted anti-GM2 antibody and analyzed. The 

25 results are shown in Rg. 48. K was found that the pirified human CDR-grafted anti-GM2 antikxxjies KM8966 and 
KM6967 strongly reacted with the human lung small cell carcinoma culture cell line SBC-3 lite the mouse-human chi- 
meric anti-GM2 antibody KM966. 

8. In vitro antitumor activity of human CDR-grafted anti-GiVl2 antibodies KM8966 and KM8967: CDC activity 

30 

(1) Preparation of target cells 

The target cells SBC-3, cultured in RPMI1640-FCS (1 0) medium supplemented with 10% PCS, here adjusted to a 
cell concentration of 5 x 10^ cells/500 |J, 3.7 MBq of Na2^''Cr04 (Daiichi Pure Chemicals Co.. Ltd.) was added thereto. 
55 Then, the reaction was allowed to proceed at 3T*C for 1 hour, and the ceils were washed three times with the medium. 
The cells were then allowed to starxi in the medium at 4'*C for 30 minutes and. after centrifugation. the medium was 
added to adjust the cell concentration to 1 x 10^ cells^ml. 

(2) Preparation of the oomplement 

40 

Sera from healthy subjects were combined and used as a oomplement source. 

(3) CDC activity measurement 

45 The nrK)use-human chimeric anti-GM2 antltxxiy KM966 or purified human CDR-graft^ arrti-GM2 antibody KM8966 
or KM8967 was added to wells of 96-well U-ixjttom plates within the final concentration range of 0.05 to 50 iigM and 
then 50 III (5 X 10^ ceHsAwell) of the target cells prepared in (1) were added to each well. The reaction was allowed to 
proceed at room temperature for 1 hour. After cerrtrifugatfon. the supematants were discarded, the human complemerrt 
obtained in (2) was added to ^ch well to give a f inal concentration of 1 5% v/v, and the reaction was allowed to proceed 

50 at sy^'C for 1 hour. After centrifugation. the amount of ^'^Cr in each superriatant was determined using a gamma coun- 
ter. The anrount of spontaneously dissodated ^^Cr was determined by adding to the target cells the medium alone in 
stead of the antibody and complement solutions and measuring the amount of Cr in tfie supernatant in the same man- 
ner as mentioned above. The total amount of dissociated Cr was deter m'ned t>y adding to the target cells 1 N hydro- 
chloric add in stead of the antbody and complement solutions and measuring the amount of Cr in the supernatant in 

55 the same manner as mentioned above. The CDC activity was calculated as follows: . . 
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CDC activity (%) = Amount of Cr in sampie supernatant - Amount of Cr spontaneously dissociated ^ 
Total amount of Cr dissociated - Amount of Cr spontaneously dissociated 



5 The resuhs thus obtained are shown in Fig. 49. It was shown that CDC activity of the human CDR-grafted anti-GM2 
antibodies KM8966 and KM8967 was lower than that of the mouse-human chimeric anti-GMg aritbody KM966. 

9. in vitro antitunv)r activity of human CDR^rafted anti-GMa antibodies KM8966 and KM8967: ADCC activity 

10 (1) Preparation of target cells 

The target cells SBC-3 cultured in RPMI1640-FCS (10) medium supplemented with 10% PCS were adjusted to a 
cell concentration of 1 x 10^ cells/SOO |J. 3.7 MBq of Na2^^Cr04 (Daiichi Pure Chemicals Co., Ltd.) was added thereto. 
Then, the reaction was allowed to proceed at 37^0 for 1 hour and the cells were washed three times with the medium. 
15 The cells were then allowed to stand in the medium at 4'*C for 30 minutes and then, after centrifugation, the medium 
was added to adjust the cell concenttatlon to 2 x 10^ cellsAnl. 

(2) Preparation of effector cells 

20 Hun^ venous t)lood (50 ml) was collected. 0.5 ml of heparin sodium (Takeda Chemical Industries; 1 ,000 unitsAnl) 
was added, and the mixture was gently stirred. This mixture was overlaid on Potymorphprep (Nycomed) and centri- 
fuged to separate the lymphocyte layer (PBMC). ITie resulting lymphocytes were washed three times by centrifugation 
with RPMI1640 medium supplemented with 10% PCS. and the cells were suspended in the medium (5 x 10^ cellsAnI) 
for use as effector cells. 



25 



(3) ADCC activity measurement 



The mouse-human chimeric anti-QM2 antibody KM966 or purified hunnan CDR-grafted anti-QM2 antibodies 
KM8966 or KM8967 was added to wells of 96-well U-tx>ttom plates within the final concentration range of 0.05 to 50 

30 pg/ml and then 50 |J (1 x 10^ cellsMell) of the target cell suspension prepared in (1) and 100 fil (5 x 10^ celisMeil) of 
the effector cell suspension prepared In (2) were added to each well. The reaction was allows to proceed at 37^C for 4 
hours and. after centrifugation, the amount of ^''Cr in each supernatant was measured using a gamma counter. The 
amount of spontaneously dissociated ^''Cr was determined by adding to the target cells the medium alone in lieu of the 
antiiaody and effector cells and measuring the iamount of ^^Cr in the supernatant in the same manner as mentioned 

35 above. The total amount of dissociated ^^Cr was determined t>y adding to the target cells 1 N hydrochloric add in lieu 
of the antibody and effector cells and measuring the amount of ^^Cr in the supernatant in the same manner as men- 
tioned atx)ve. The ADCC activity was calculated as fdlows: 

40 ADCC activity (%)« ^ sample supernatant - Anxxjrrt of Cr spontaneously dissociated ^ ^ 

Total amount of Cr dissociated - Amount of Cr spontaneously dissociated 

The results thus obtained are shown in Fig. 50. The human CDR-grafted anti-QM2 antibody KM8966 sfiowed 
ADCC activity comparable to that of the mouse-human chim^ic anti-OM2 antibody KM966. whereas the human CDR- 
45 grafted anti-GMg antitxxjy KM8967 showed ADCC activity slightiy lower than that of the mouse-human chimeric anti- 
GM2 antbody KM966. 

EXAMPLE 4 ■ 

so Production of human CDR-grafted anti-GM2 antitxxjies II 

The human CDR-grafted anti-GM2 antibodies KiyA8966 and KM8967 showed antigen binding activity (ELISA). bind- 
ing specificity and ADCC activity comparable to those of the mouse-human chimeric anti-GM2 antibody KM966, while 
its CDC activity was lower than that of the chimeric antttxxly. In order to improve the CDC activity, human CD R-grafted 
55 anti-GM2 antitxxlies were produced in the following manner. 
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1 . Modification of human CDR-grafted anti-GM2 anttoody KM8966 H chain V region 

Among the human CDR-grafted anti-QM2 antibodies prepared In Example 3, the antibody KM8966 showing higher 
CDC activity was subjected to amino acid residue replacements at the H chain V region (SEQ ID NO:7} in order to 

5 improve CDC activity. The amino actd residues to be replaced were selected at random wt&i reference to the results of 
various replacement obtain^ in Example 3 and a compute' model for the V region of mouse antibody KM796. Replace- 
ments were introduced t>y PCR method using as a template 1 ng of the plasmid pBSHIO containing the human CDR- 
grafted anti-GMg antbody H chain V region obtained in Paragraph 1 (2) of Example 3 and using as a primer antisense 
and sense synthetic DNA containing mutations descrit>ed in Paragraph 1 (3) of Example 3. 

10 The reaction was canried out in the same manner as desaibed in Paragraph 1 (3) of Example 3 using the synthetic 
DNA of SEQ ID NO:62 as the mutant antisense primer and the synthetic DNA of SEQ ID NO:63 as the mutant sense 
primer to obtain the plasmid pBSHMI containing version HM1. shown in SEQ ID NO:64. of the human CDR-graft^ 
anti-QM2 arrtibody H chain V region. In the amino actd sequence of the version HM1 , arginine in position 38, alanine in 
position 40. glutamtne in position 43 and glycine in position 44 in the PR shown in SEQ ID N0:7 were replaced by lysine, 

15 serine, lysine and serine, respectively, that are found in the mouse antbody KM796 H chain V region. 

The plasmid pBSHM2 containing version HM2, shown in SEQ ID N0:10. of the human CDR-grafted anti-GM2 anti- 
tKXIy H chain V region was obtained fbllawing the reaction described in Paragraph 1 (3) of Example 3 using the syn- 
thetic DNA of SEQ ID NO:65 as the mutant antisense primer and the synthetic DNA of SEQ ID NO:66 as the mutant 
sense primer. In the amino add sequence of the version HM2, arginine in position 38 and alanine in position 40 in the 

20 FR shown in SEQ ID NO:7 were replaced by lysine and serine, respectively, that are found in the mouse antibody 
KM796 H chain V region. 

The plasmid pBSHMS containing version BM3, shown in SEQ ID N0:69. of the human CDR-grafted antt-GM2 anti- 
body H chain V region was obtained following the reaction desaibed in Paragraph 1 (3) of Example 3 using the syn- 
thetic DNA of SEQ ID N0:67 as the mutant antisense primer and the synthetic DNA of SEQ ID NO:68 as the mutant 

25 sense primer. In the amino acid sequence of the version HM3,*valine in position 68 and isoleucine in position 70 in the 
FR shown in SEQ ID NO:7 were replaced by alanine and leucine, respectively, that are found In the mouse antibody 
KM 796 H chain V region. . . . 

The plasmid pBSHM31 containing version HM31 , shown in SEQ ID NO:70, of the human CDR-grafted arrti-QM2 
antibody H chain V region was obtained following the reaction described in Paragraph 1 (3) of Example 3 using 1 ng of 

30 the plasmid pBSHMS as the template, the synthetic DNA of SEQ ID NO:62 as the mutant antisense primer and the syn- 
thetic DNA of SEQ ID NO:63 as the mutant sense primer. In the amino add sequence of the version HM31, arginine in 
position 38. alanine In position 40, glutamine in position 43 and glydne In position 44 in the FR of the version HM3 were 
replaced by lysine, serine, lysine and serine, respectively, that are found in the mouse antibody i<M796 H dialn V 
region. 

35 Further, the plasmid pBSHM32 containing version HM32, shown in iSEQ ID NO:71 , of the human CDR-grafted anti- 
GMg antitxxjy H chain V region was obtained following the reaction described in Paragraph 1 (3) of Example 3 using 1 
ng of the plasmid pBSHM3 as the template, the synthetic DNA of SEQ ID NO:65 as the mutant antisense primer and 
the synthetic DNA of SEQ ID NO:66 as the mutant sense primer. In the amino add sequence of the version HVI32, 
arginine in position 38 and alanine in position 40 in the FR of the version HM3 were replaced by lysine and serine, 

40 respectively, that are found In the mouse antibody KM796 H chain V region. 

2. Evaluation of CDC activity of human CDR-grafted anti-GM2 antibodies having various replacements in tiie human 
CDR-grafted anti-QM2 arrtibody H chain V region 

45 (1) Consbruction of expression vectors ^ 

Expression vectors for various human CDR-grafted anti-GM2 anttt>odies containing the H chain V region of human 
CDR-grafted ar^-QM2 arrtitxxiies having various replacements obtained In Paragraph 1 of Example 4 and the L chain 
V region of KM8966 (SEQ ID N0:8) were prepared in the following manner. 

so Three pQ each of the plasmids pBSHMI . pBSHM2, pBSHMS. pBSHM31 and pBSHM32 obtained in Paragraph 1 
of Example 4 were dissolved in 10 of 10 mM Tris-hydrochloride buffer (pH 7.5) containing 10 mM magnesium chloride 
and 1 mM DTT, 10 units of Apa\ (Takara Shuzo) were added thereto and the mixture was allowed to react at 37*'C for 1 
hour. The resulting mixture was subjected to etfwiol predpitation and the thus-obtained predpltate was dissolved in 1 0 
pi of 50 mM Tris-hydrochloride txjffer (pH 7.5) containing 100 mM sodium chloride. 10 mM magnesium chloride. 1 mM 

55 DTT. 100 ^g/ml BSA and 0.01% of Triton X-1 00. Ten units of A/of I (Takara Shuzo) were further added thereto to allow 
the mixture to r^ct at 37°C for 1 hour. The reaction mixture was fractionated by agarose gel electi-ophoresis to recover 
about 0.2 ^g of the Apal-NotI fragment of about 0.44 kbi 

Then, 3 fig of the plasmid pKANTE)C798HLCDRLm-28 obtained In Paragraph 3 (3) of Example 3 was dissolved in 
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10 of 10 mM Tris-hydrochioride buffer (pH 7.5) containing 10 mM magnesium chloride and 1 rvM DTT. 10 units of 
Apa\ (Takara Shuzo) were added thereto and the mixture was allowed to react at 37^C for 1 hour. The resulting mixture 
was subjected to ethanol predprtation and the thus-ot>tained predpitate was dissolved in 10 |ii of 50 mM Tris-hydrochlo- 
ride buffer (pH 7.5) containing 100 mM sodium chloride, 10 mM magnesium chloride, 1 mM DTT. 100 (igAnl 6SA and 

5 0.01% of Triton X-100. 10 units of Not\ (Takara Shuzo) were added thereto to allow the mixture to react at 37''C for 1 
hour. The reaction mixture was fractionated by agarose gel electrophoresis to recovrer about 1 m9 of the Apa\'Not\ frag- 
mentof about 13.14 kb. 

AfcKXJt 0.1 ^g each of the thus-obtained Apal-NoU fragment of pBSHMI. pBSHM2, pBSHM3. pBSHM31 and 
pBSHM32 and 0.1 ^g of the Apal-Not\ fragment of pKANTEX796HLCDRLm-28 were added in a total of 20 pi of steri- 
10 lized water and ligated to each other using Ready^To-Go T4 DMA Ugase (Pharmacia Biotech). Each of the resulting 
recombinant plasmki DNA solutions was used to transform Escherichia coH HB101 and plasmids, 
pKANTEX796HM1Lnv28. pKANTEX796HM2Lm-28, pKAMTEX796HM3Lm-28. pKANTEX796HM31 Lm-28 and 
pKANTE)C798HM32Lm-28 shown in Fig. 51 were obtained. 

IS (2) Expression of replacement versions of human CDR-grafted anti<^l2 antibodies 

Four pg each of the plasmids pKANTEX796HM1 Lm>28. pKANTEX796HM2Lm-28. pKAtNrrEX796HM3Lnv28, 
pKANTEX796HM31Lm-28 and pKANTEX796HM32Lnv28 obtained in Paragraph 2 (1) of Example 4 were used to 
transform YB2/D ceils (ATCC CRL 1581) in accordance with the method as described in Paragraph 1 (4) of ExEimple 2. 
2o The cells were ultimately selected using G41 8 (0.5 mg/ml) and MTX (200 nM) to obtain alxxit 2 to 5 pg/ml of transform- 
ants capable of producing human CDR-grafted anti-GM2 antbodies derived from the oonresponding expression vectors. 

(3) Purification of replacement versions of human CDR-grafted anti-CiM2 antibodies 

25 Cells of each transfbrmant okstained In Paragraph 2 (2) of Example 4 were suspended in GIT medium (Nihon Phar- 
maceutical) containing 0.5 mg/ml Q418 and 200 nM MTX and about 1 to 3 mg of purified human CDR-grafted anti-GM2 
antibodies were otkained from alx)ut 0.6 liter of the culture t^oth io accordance witii the method described in Paragraph 

11 of Example 1 of JP-A-6-205694. The human CDR-grafted anti-GM2 antit>odies derived from the plasmids 
pKAMTEX796HM1ljm-28, pKANTEX796HM2ijTi-28. pKANrrEX796HM3Lm-28. pKAr4TEX796HM31 Lm-28 and 

30 pKANTEX796HM32Lm-28 are hereinafter referred to as "Ml -28", "^2-28". -M3-28-, -M31-28" and *'M32-28'*, respec- 
tively. 4 tig each of the purified human CDR-grafted anti-GMa antitxxiies, the human CDR-grafted anti-GM2 antitxxjy 
KM8966 and the mouse-human chimeric arTti-GM2 antibody KM966 were electrophoresed t>y the conventional method 
[Laemmli: Nature, 227. 680 (1970)] for molecular weight checking. The results are shown in Fig. 52. As shown in Fig. 
52. under reducing conditions, the molecular weight of the antibody H chain was about 50 KDa and the molecular 

35 weight of the antftxxiy L chain was about 25 KDa, thus confimiing the expression of the H chain and L chain having the 
correct molecular weight. Under nonredudng conditions, the molecular weight of the human CDR-grafted anti-GMg 
antibodies was atx>ut 150 KDa. confirming that the antit>ody expressed was composed of two H chains and two L 
chains and was correct in size. The fM-tenminal amino add sequence of the H and L chains of each purified human 
CDR-grafted anti-GM2 antibodies was examined by automatic Edman degradation using a protein sequencer (Applied 

40 Biosystems model 470 A). As a resuft, it was confirmed that the amino acid sequence was consistent with that deduced 
from the synthesized V reg»n DNA sequence. 

(4) CDC activity of replacement versions of human CDR-grafted anti-GM2 anttoodies 

45 CDC activity of the replacement versions of the human CDR-grafted anti-GM2 antibodies obtained in Paragraph 2 
(3) of Example 4, the human CDR-grafted anti-GM2 antibody KM8966 and the mouse-human chimeric anti-GM2 anti- 
body KM966 was measured in accordance with the method descrit)ed in Paragraph 8 of Example 3. The results are 
shown in Fig. 53. As shown in Fig. 53, it was found that, among the replacement versions of the human CDR-grafted 
anti-GM2 emtbodes, the human CDR-grafted anti-GM2 anttoody M2-28 derived from the plasmid 

so pKANTEX796HM2Lm-28 showed the highest CDC activity which was higher than tiiat of ttie human CDR-grafted anti- 
GM2 antibody KM8966 prepared in Example 3. This result indicates that the replaced amino add residues of the ver- 
sion HM2 among the various replacement versions prepared in Paragraph 1 of Example 4 play an important role for 
improving CDC activity. It was assumed from the computer model ifor the V riegion of mouse antbody KM796 that the 
replacement of the amino add residues of the version HM2 would influence on the entire structure of the V region sirKe 

55 these amino add residues are located at the site which interacts with the L chain V region. Recent study of the produc- 
tion of human CDR-graft^ antibody reveals that the amino acid residues which affect the stvcture of the antibody var- 
ies in each antitxxiy No method for precisely predk;ting such amino acki residues has been estatslished arxi the atx3ve 
results provide a significant finding for the production of the human CDR-grafted antibody. 
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The human CDR-^rafted anti-GM2 antibody M2-28 derived from the plasmid pKANTEXyoeHMaUn-ad was desig- 
nated as KM8970 and the antibody KM8970-produdng trasformant KM6970 has been deposited with National institute 
of Bioscience and Human-Technology, Agency of Industrial Sdence and Technology as of May 9, 1996 under the 
deposit number PERM BP-552a 

5 _ 

3. Modification of human CDR-grafled anti-GMa antibody KM8966 L chain V region 

The human CDR-grafted anti-QM2 antixxiy KM8966 prepared in Example 3 was subjected to amino add residue 
replacements in the L chain V region (SEQ ID N0:8) to improve CDC activity. As an amino add residue to be replaced. 

10 serine residue in position 59 was selected based on the resuHs of various replacements obtained in Paragraph 1 (3) of 
Example 3 which suggested that it was important to support the structure of CDR2 for the hunrmn CDR-grafted anti- 
GM2 antitxxjy activity. Replacements were introduced by PCR method using as a template 1 ng of the plasmid pBSLm- 
28 containing the human CDR-grafted anti-QMg antibody L chain V region obtained in Paragraph 1 (3) of Example 3 
and using as a primer antisense and sense synthetic DMA containing mutations described in Paragraph 1 (3) of Exam- 

15 pie 3. 

The ruction was can'ied out in the same manner as desaibed in f^aragraph 1 (3) of Example 3 using the synthetic 
DNA of SEQ ID rvlO:72 as the mutant antisense primer and the synthetic DNA of SEQ ID fslO:73 as the mutant sense 
primer to obtain the plasmid pBSLm-28 IMa1 , containing version Lm-28 ^kx1, shown in SEQ ID NO:11 . of the human 
CDR-grafted anti-GM2 antibody L chain V region. In the amino add sequence of the version Lm-28 N0.I , serine in posi- 
20 tion 59 in the FR shown in SEQ ID NO:83 was replaced t3y alanine tiiat is found in the mouse antitxxiy KM796 L chain 
V region. 

4. Evaluation of CDC activity of human CDR-grafted anti-QM2 antibody having new replacement in human CDR-grafted 
anti-GM2 antftxxly L chain V region 

25 

(1) Construction of expression vectors 

Expression vectors for the human CDR-grafted anti-QM2 antibody containing the human CDR-grafted anti-OM2 
antibody L chain V region having the r^iacement obtained in Paragraph 3 of Example 4 and tiie human CDR-grafted 
30 anti-OM2 antbody H chain V region were obtained in the following rnanner. 

Six |ig of the plasmid pBSLm-28 N0.I obtained in Paragraph 3 of Example 4 was dissolved in 10 |il of 50 mM Tris- 
hydrochloride buffer (pH 7.5) containing 100 mM sodium chloride. 10 mM magnesium chloride. 1 mM DTT and 100 
lig/hnl BSA 10 units each of EooRI (Takara Shuzo) and Spl\ (Takara Shuzo) were added thereto to allow the mixture to 
react at 37°C for 1 hour. The reaction mixture was fractionated by agarose gel electrophoresis to recover about 0.4 |ig 
95 of the EcoHl-Spn fragment of about 0.39 kb. 

Then, 3 ^g each of the plasmid pKANTEX796HLCDRLm-28 obtained in Paragraph 3 of Example 3 and the plas- 
mids pfCANTEX796HM1 Lm-28. pKArvrrEX796HM2Lm-28 and pKAfvlTEX796HM3Lm-28 obtained in Paragraph 2 (1) of 
Example 4 were dissolved in 10 |il of 50 mM Tris-hydrochlorkJe buffer (pH 7.5) containing 100 mM sodium chloride, 10 
. mM magnesium chtoride and 1 mM DTT and 100 ^gAnl BSA, 10 units each of EcoRI (Takara Shuzo) and Spl\ were 
40 added thereto and the mixture was alkiwed to react at 37^C for 1 hour. The reaction mixture was fractionated by agar- 
ose gel electrophoresis to recover about 1 ^g of the EooRI-Sp/l fragment of alx>ut 13.19 Ms. 

A 0.1 Jig portion each of the thus-obtained EcoRI-Sp/l fragment of pBSLm-28 N0.I and 0.1 liQOfihe £coR\-Spl\ 
of pKANTEX796HLCDRLm-28. pKANTEX796HM1Ln>-28. pKANTEX796HM2Lm-28 and pKANTEX798HM3Lm-28 
were added in a total of 20 ^1 of sterilized water and ligated to each other using. Ready-To<3k) T4 DNA Ligase (Pharma- 
45 da Biotech). Each of the resulting recombinant plasmid DNA solutions was used to transform Escheru:hia coli HB101 
and the plasmids pKANTEX796HLm-28 N0.I. pKANTEX796HM1 Lm-28 Nal. pKANTEX796HM2Lm-28 Nal and 
pKANTEX796HM3Lm-28 N0.I shown in Fig. 54 ¥tfere obtained. 

(2) Expression of hunon CDR-grafted anti-GM2 antixidies having replacements in the L chain V region 

so 

Four Jig each of the plasmds pKANTEX796HLm-28 N0.I , pKANTEX796HM1 Lm-28 Nal. pKANTEX796HM2 Lm- 
28 N0.I and pKAtMTEX796HM3Lm-28 N0.I obtained in Paragraph 4 (1) of Example 4 was used to transform YB2/0 
cells (ATCC CRL 1 581 ) in accordance with the method as descn'bed in Paragraph 1 1 of Example 1 . The cells were ulti- 
mately selected using G416 (0.5 mg/ml) and MTX (200 nM) to obtain about 2 to 5 iig/ml of transformants capable of 
55 produdng human CDR^rafted anti-GM2 antibodies derived from the cori'esponding expression vectors. 
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(3) Purrfication of human CDR-grafted antnGMg antibodies having replacements in the L chain V region 

Cells of each trsuisformant obtained in Paragraph 4 (2) of Exanple 4 were suspended in GIT medium (Nihon Phar- 
maceutical) containing 0.5 mg/ml G41 8 and 200 nM MIX and at30ut 1 to 3 mg of purified human CDR-grafted anti-GM2 

5 antibodies were obtained from about 0.6 liter of the culture kxoth in accordance with the method descn'bed in Paragraph 
11 of Example 1 of JP-A-6-205694. The human CDR-grafted anti-GMg antibodies derived from the plasmids 
pKArJTEX796HLm-28 No.1. pKANTEX796HM1 Lm-28 Nal. pKANTEX796HM2Lm-28 No.1 and 
pKAf^EX796HM3Lm-28 ISIo-1 are hereinafter referred to as li796H-No-1", "Ml-Nal", -M2-Nar and -M3-No.r. 
respectively. Four each of the purified human CDR-grafted anti-GM2 antitxxiies and the mouse-human chimeric anti- 

10 QM2 antixxfy KM966 was electrophoresed by the conventional method [Laemmli: Nature, 227. 680 (1970)] for molec- 
ular weight checking. The results are shown in Rg. 55. As shown in Rg. 55, under reducing conditions, the molecular 
weight of the antitx>dy H chain was about 50 KDa and the molecular weigtit of the antibody L chain wvas at>out 25 KDa, 
thus confirming the expression of the H chain and L chain having the correct molecular weight. Under nonreducing con- 
ditions, the molecular weight of the human CDR-grafted anti-GM2 antibodies was about 150 KDa, confirming that the 

15 antibody expressed was composed of two H chains and two L chains and was correct in size. The N-terminal amino 
acid sequence of the H and L chains of each purifiai human CDR-grafted anti-GM2 antibodies was examined by auto- 
matic Edman degradation using a protein sequencer (Applied Biosystems model 470A}. As a result, it was confirmed 
that the amino add sequence was consistent with that deduced from the synthesized V region DMA sequence. 

20 (4) CDC activity of human CDR-gnaft^ anti-GM2 antibodies having replacements in the L chain V region 

CDC activity of the human CDR-grafted anti-GM2 anttoodies having replacements in the L chain V region obtained 
in Paragraph 4 (3) of Exanple 4, the human CDR-grafted anti-O^ antibody KM8970, the human CDR-grafted anti- 
GM2 antitxxJy KM89G6 and the mouse-human cfimeric anti-GM2 antit>ody KM966 was measured in accordance with 

25 the method described in Paragraph 8 of Example 3. The results are shown in Rg. 56. Comparing CDC activity of 
KM8966 with that of h796H-Na1. it was found that the replacement introduced into only the L chain V region showed 
improved CDC activity. Among the replaced antitxxlies having replacements in both of the L chain V region and the H 
chain V region. M2-N0.I having r^acement in the human CDR-grafted anti-QMa ant'body KM8970 H and L chain V 
region obtained in Paragraph 2 of Example 4 showed the highest CDC activity, which was comparable to or higher tiian 

30 that of KM8970. These results indicates that the replaced amino acid residue in position 59 in the FR of the L chain V 
region prepared in Paragraph 3 of Example 4 played an important role for improving its CDC activity and it interacted 
with the replaced amino acid residue in the H ct^in V region of KM8970 for improving its CDC activity cooperatively. It 
was not assumed from the computer model for the V region of mouse antibody KM796 that the replacement of the 
amino acid residue in position 59 in the FR of the version Lm-28 No.1 would be involved in direct action with antigen 

35 QM2 and interaction with each CDR residua However, tfie above results suggested that they were quite important for 
maintaining the entire stixicture of the whole V region. This Knowledge cannot be predicta:^ from the known production 
method of a humanized antitxxly. and the atxive findings will provide an important indication for the production of 
human CDR-grafted antibody. 

The fiuman CD R-grafted anti-GM2 antibody M2-No. 1 derived from the plasnnd pKANTEX796HM2Lm-28 No. 1 was 

40 designated as KM8969 and the anti'txxty KM8969-p^oducing trasfbrmant KM8969 has been deposited witti National 
Institute of Bioscience and Human-Technology, Agency of Industrial Sdence and TechrK>logy as of May 9. 1996 under 
the deposit number PERM BP-5527. 

5. in wto reactivity of human CDR-grafted afiti-GM2 antibodies KM8969 and KM8970 with GM2 

45 

Reactivities of the mouse-human chimeric anti-GM2 antftxxly KM966 and the hunwi CDR-grafted anti-GM2 anti- 
bodies KM8969 and KM8970 witii GM2 were measured in accordance with the method described in Paragraph 1 (5) of 
Example 2. The results are shown in Fig. 57. As shown in Fig. 57, the human CDR-grafted anti-GM2 antibodies 
KM8969 arvl KM8970 showed binding activity comparable to that of the mouse-human chimeric anti-GM2 antitxxfy 
50 KM966. 

6. Reaction specificity of human CDR-grafted anti-GM2 antibodies KM8969 and KM8970 

The mouse-human cNmeric anti-GM2 antibody KM966 and the human CDR-grafted anti-GM2 antibodies KM8969 
55 arKi KM8970 were examined for reactivity with various gangf iosides in accordance with the method described in Para- 
graph 6 of Example 3. The resiits are showvn in Fig. 58. As shown in Fig. 58, it was found that the human CDR-grafted 
anti-GM2 antfoodies KM8969 and KM8970 specifically reacted with GM2 (N-acetyl GM2 and N-glycoIyi GM^ like the 
mouse-human chimeric anti-QM2 antit3ody KM966. 
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7. Reactivity of human CDR-grafted anti-GMa antibodies KM8969 and KM8970 with cancer cells 

The mouse-human chimeric anti-OMg antbody KM966 and the human CDR-grafted anti-GMg antibodies KM8969 
and KM8970 were examined for reactivity with the human lung small cell carcinoma cell line SBC-3 (JCRB 081 8) using 
5 fluorescein isocyanate-labeled rabbit anti-human IgQ antibody (Dako) as a second antitxxiy in accordance with the 
method described in Paragraph 7 of Example 3. The results are shown in Fig. 59. As shown in Rg. 59, the human CDR- 
grafted anti-<aM2 antibodies KM8969 and KMS970 strongly reacted with the human lung small cell carcinoma cell line 
SBC-3 like the mouse-human chimeric anti-QMg antibody KM966. 

10 a. In vitro antitumor effect of human CDR-grafted anti-Gf^2 antibodies KM8969 and KM8970: antibody dependent cell 
mediated cytotoxicity (ADCC) 

The mouse-hunnan chimeric anti-OA^ antibody KM968 and the human CDR-grafted anti-C^a antibodies KM8966, 
KM8969 and KM8970 were examined for ADCC activity against the human lung small cell carcinoma cell line SBC-3 
15 (JCRB 081 8} in accordance with the method described in Paragraph 9 of Example 3. The results are shown in Fig. 1 23. 
As shown in Fig. 123, the human CDR-grafted anti-GM2 antibodies KM8969 and KM8970 showed ADCC activity com- 
parable to that of the mouse-human chimeric anti-GM2 antitxxiy KM966. 

9. Conpiarison of in vitro anti-tumor activities off humanized anti-GM2 antibodies: comparison of CDC activity 



CDC activities of various humanized anti-GMa antibodies (KM966. KM8966, KM8969 and KM8970] established in 
the aforementioned Inverrttve Examples 3 and 4 were compared by prolonging the reaction time. Illustratively, the reac- 
tion time of the method described in the item 8 of Inventive Exannple 3 after addition of the hunw) complement was set 
to 4 houra The results are shown in Fig. 61 . As shown in Rg. 61 . it was repealed that the CDC activity of each of these 

25 humanized antibodies increases by the 4 hiours of reaction and. at an antit>ody concentration of 5 |ig/nil or more, the 
mouse-hun^n chimeric anti-GM2 antibody KM966 and the human CDR-grafted anti-GM2 antibodies KM6966, KM8969 
and KM8970 show almost the same level of CDC activity. Par^cularly. KM8969 showed the highest CDC activity wtiich 
was about 1/2 of that of the mouse-human chimerk: anti-QM2 antibody KM966. so that it was revealed that a human 
CDR-grafted arrti-Giy/l2 antibody having further high CDC activity was at^le to be produced by the examination of Inven- 

30 tive Exanple 4. 

Thus, production method of human CDR-grafted anti-GM2 antibodies and evaluation of their various activities have 
been desaibed. and these results show tiiat the established human CDR-grafted anti-GMs antikxxlies are useful for the 
treatment of human cancers. 

By the present invention, human CDFVgrafted antibodies to ganglioside GM2. whose binding activity and binding 
35 specif kity for QM2 and anti-tumor effect upon ganglioskie QM2-pos(tive cells are comparable to the levels of chimeric 
human antitxx:lies. and the production method thereof are provided. 



20 



40 



45 



50 



55 



35 



EP0 882 794 A2 



SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

{i) APPLICANT: Kyowa Hakko Kogyo Co,, Ltd 

(ii) TITLE or INVENTION: Human complementarity determining Region 

(CDR) -grafted antibody to ganglioside 
GM2 

(iil) NUMBER OF SEQUENCES: 73 

(iv) CORRESPONDENCE ADDRESs': 

(A) ADDRESSEE: Kyowa Hakko Kogyo Co., Ltd. 
tB) STREET: 6-1, Ohtemachi l-chonie, Chiyoda-ku 
(C) CITY: Tokyo 
(E) COUNTRY: Japan 

(V) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: PatentIn Release #1.0, Version #1.25 

(vi) CURRENT APPLICATION DATA: 

{A) APPLICATION NUMBER: 98105047 « 9 

(B) FILING DATE: 10.03.1998 

(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Kinzebach, Werner, Dr. 

(C) REFERENCE/DOCKET NUMBER: M/39063 

(ix) TELEC(»1MUNICATI0N INFORMATION: 

(A) TELEPHONE: (089) 998397-0 

(B) TELEFAX: (089) 987304 



(2) INFORMATION FOR SEQ ID N0:1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 

Asp Tyr Asn Met Asp 
1,5 



(2) INFORMATION FOR SEQ ID N0:2: 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
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(xi) SEQUENCE DESCRIPTION: SEQ ID'nO:2: 



Tyr lie Tyr Pro Asn Asn Gly Giy Thr Gly Tyr Asn Gin Lys Phe I3S 
1.5 10 15 

Set 
11 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 11 amino acids 
<B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

Tyr Gly His Tyr Tyr Gly Tyr Met Phe Ala Tyr 
20 15 10 11 

(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 
25 (A) LENGTH: 10 amino acids 

(B) TYPE: aiaino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4: 



Ser Ala Ser Ser Ser Val Ser Tyr Met His 
1 5 10 



(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 



^ (ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 



Ser Thr Ser Asn Leu Ala Ser . 
1 5 7 



(2) INFORMATION FOR SEQ ID NO: 6: 



(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 9 amino acids 
SO * (B) TYPE: amino acid 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

Gin Gin Arg Ser Ser Tyr Pro Tyr Thr 
^ 5 9 

(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 433 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other nucleic acid, synthetic DNA 

IS Ux) FEATURES: 

(A) NAME/KEY: sig peptide 

(B) LOCATION: -19.. -1 

(C) IDENTIFICATION METHOD: S 

(A) NAME/KEY: domain 

(B) LOCATION: 31.. 35 

20 (C) IDENTIFICATION METHOD: S 

(D) OTHER INFORMATION: hypervariable region 1 

(A) NAME/KEY: domain 

(B) LOCATION: 50.. 66 

(C) IDENTIFICATION METHOD: S 

(D) OTHER INFORMATIW: hypervariable region 2 
25 <A) NAME/KEY: domain 

(B) LOCATION: 99.. 109 

<C) IDENTIFICATION METHOD: S 

(D) OTHER INFORMATION: hypervariable region 3 
(.^i) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

30 

ATG GGA TGG AGC TGG ATC TTT CTC TTC CTC CTG TCA GGA ACT GCA GGT 48 
Met Gly Trp Ser Trp He Phe Leu Phe Leu Leu Ser Gly Thr Ala Gly 
1 5 10 15 

GTC CTC TCT GAG GTG CAG CTG GTG GAG TCT GGA GCA GAG GTG AAG AAG 96 
«5 Val Leu Ser Glu Val Gin Leu Val Gin Ser Gly Ala Glu Val Lys Lys 

20 25 30 

CCT GGG GCC TCA GTG AAG GTC TCC TGG AAG GCT TCC GGA TAC ACC TTC 144 
Pro Gly Ala Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe 
35 40 45 

^ ACT GAC TAC AAC ATG GAC TGG GTG CGA CAG GCC CCT GGA CAA GGG CTC • 192 

Thr Asp Tyr Asn Met Asp Trp Val Arg Gin Ala Pro Gly Gin Gly Leu 
50 55 60 

GAG TGG ATG GGA TAT ATT TAT CCT AAC AAT GGT GGT ACT GGC TAC AAC 240 
Glu Trp Met Gly Tyr He Tyr Pro Asn Asn Gly Gly Thr Gly Tyr Asn 
^ . 65 70 75 80 

. CAG AAG TTC AAG AGC AAG GTC ACC ATT ACC GTA GAC ACA TCC ACG AGC 288 
Gin Lys Phe Lys Ser Lys Val Thr He Thr Val Asp Thr Ser Thr Ser 
85 90 95 

^ ACA GCC TAC ATG GAG CTG CAC AGC CTG AGA TCT GAG GAC ACG GCC GTG 336 

Thr Ala Tyr Met Glu Leu His Ser Leu Arg Ser Glu Asp Thr Ala Val 
100 105 110 
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TAT TAC TGT GCG ACC TAC GGT CAT TAC TAC GGC TAC ATG TTT GCT TAG 384 
Tyr Tyr Cys Ala Thr Tyr Gly His Tyr Tyr Gly Tyr Met Phe Ala Tyr 
115 120 125 

* TGG GGC CAG GGA ACC CTG GTC ACC GTC TCC TCA GCC TCC ACC AAG GGC 442 

Trp Gly Gin Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly 
130 135 140 144 

C 443 

10 

(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 390 base pairs 

(B) TYPE: nucleic acid 
IS (C) STRANDEDNESS: doxible 

(D) TOPOLOGY: linear 

(iij MOLECULE TYPE: other nucleic acid, synthetic DNA 



20 



(ix) FEATURES: 

(A) NAME/KEY: sig peptide 

(B) "^iiOCATION: -22.. -1 

(C) IDENTIFICATION METHOD: S 

(A) NAME/KEY: domain 

(B) LOCATION: 24.. 33 

(C) IDENTIFICATICW METHOD: S . - 

(D) OTHER INFORMATION: hypervariable region 1 
2S (A) NAME/KEY: domain 

(B) LOCATION: 49,. 55 

(C) IDENTIFICATION METHOD: S 

(D) OTHER INFORMATION: hypervariable region 2 

(A) NW<E/KEY: domain 

(B) LOCATION: 86.. 96 

30 (C) IDENTIFICATION METHOD: S 

(D) OTHER INFORMATION: hypervariable region 3 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

ATG CAT TTT CAA GTG CAG ATT TTC AGC TTC CTG CTA ATC AGT GCC TCA 48 
«. Met His Phe Gin Val Gin He Phe Ser Phe Leu Leu He Ser Ala Ser 

^ 1 5 10 . . 15 • 

. GTC ATA ATG TCC AGA GGA GAT ATC CAG CTG ACC CAG AGC CCA AGC AGC 96 
Val He Met Ser Arg Gly Asp He Gin Leu Thr Gin Ser Pro Ser Ser 
20 25 30 

^ CTG AGC GCT AGC CCA GGT GAC AGA GTG ACC ATC ACG TGC AGT GCC AGC 144 

Leu Ser Ala* Ser Pro Gly Asp Arg Val Thr He Thr Cys Ser Ala Ser 
35 40 45 

TCA AGT GTA AGT TAC ATG CAC TGG TTC CAG CAG AAA CCA GGT AAG GCT 192 
Ser Ser Val Ser Tyr Met His Trp Phe Gin Gin Lys Pro Gly Lys Ala 
45 5 0 5 5 60 

CCA AAG CTT TGG ATC TAC AGC ACA TCC AAC CTG GCT TCT GGT GTG CCA 240 
Pro Lys Leu Trp He Tyr Ser Thr Ser Asn Leu Ala Ser Gly Val Pro 
65 70 75 80 



50 



TCT AGA TTC AGC GGT AGC GGT AGC GGT ACA TCT TAC TCT CTC ACC ATC 288 
Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Ser Tyr Ser Leu Thr He 
85 90 95 
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AGC CGA CTC CAG CCA GAG GAG ATC GCT ACA TAG TAG TGC GAG CAA AGG 336 
Ser Arg Leu Gin Pro Glu Asp lie Ala Thr Tyr Tyr Cys Gin Gin Arg 
100 105 lio 

^ AGT AGT TAG CCG TAG ACG TTC GGC GGG GGG ACC AAG GTG GAA ATC AAA 384 

Ser Ser Tyr Pro Tyr Thr Phe Gly Gly Gly Thr Lys Val Glu lie Lys 
115 120 125 

CGT ACG 390 
TO Arg Thr 

130 

(2) INFORMATICS FOR SEQ ID NO: 9: 

,5 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 390 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

20 (li) MOLECULE TYPE: other nucleic acid, synthetic DNA 

(ix) FEATURES: 

(A) NAME/KEY: sig peptide 

(B) LOCATION: ^22. --1 

(C) IDENTIFICATION METHOD: S 
25 (A) NAME/KEY: domain 

(B) LOCATION: 24,, 33 

(C) IDENTIFICATI<»1 METHOD: S 

(D) OTHER INFORMATION: hyperVarlable region 1 
(A) NAME/KEY: domain 

. (B) LOCATION: 49. .55 

30 iC) IDENTIFICATION METHOD: S 

{D) OTHER INFORMATION: hypervariable region 2 

(A) NAME/KEY: domain 

(B) LOCATION: 86.-96 

(C) IDENTIFICATI<»I METHOD: S 

(D) OTHER INFORMATION: hypervariable region 3 

35 . 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

ATG CAT TTT CAA GTG CAG ATT TTC AGC TTC CTG OTA ATC AGT GCC TCA 48 
Met His Phe Gin Val Gin lie Phe Ser Phe Leu Leu lie Ser Ala Ser 
1 5 .10 15 

40 

GTC ATA ATG TCC AGA GGA 6AC ATC CAG CTG ACC CAG TCT CCA TCC TCC 96 
Val lie Met Ser Arg Gly Asp He Gin Leu Thr Gin Ser Pro Ser Ser 
20 25 . 30 

ATG TCT GCA TCT CCA GGA GAC AGA GTC ACC ATC ACT TGT AGT GCA AGT 144 
45 Met Ser Ala Ser Pro Gly Asp Arg Val Thr He Thr Cys Ser Ala Ser 

35 40 45 

TCA AGT GTA AGT TAC ATG CAC TGG TTT CAG CAG AAA CCA GGG AAA TCA 192 
Ser Ser Val Ser Tyr Met His Trp Phe Gin Gin Lys Pro Gly Lys Ser 
50 55 60 

50 

CCT AAG CTC TGG ATC TAC TCA ACT TCA AAT TTA GCT TCT GGT GTG CCA 240 
Pro Lys Leu Trp He Tyr Ser Thr Ser Asn Leu Ala Ser Gly Val Pro 
65 70 75 80 

55 
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TCT ,AGA TTC AGC GGT AGC GGT AGC GGT ACA TCT TAG TCT CTC ACC ATC 288 
Ser Arg Phe Ser Gly Ser Giy Ser Gly Thr Ser Tyr Ser Leu Thr lie 
85, .90 95 

^ AGC AGC ATG CAG CCT GAA GAT TTT GCA ACT TAT TAG TGT CAG CAA AGG 336 

Ser Ser Met Gin Pro Giu Asp Phe Ala Thr Tyr Tyr Cys Gin Gin Arg 
100 105 110 

AGT AGT TAC COG TAG ACG TTC GGC CAG GGG ACC AAG CTG GAA ATC AAA 384 
Ser Ser Tyr Pro Tyr Thr Phe Gly Gin Gly Thr Lys Leu Glu He Lys 
10 115 120 . 125 

CGT ACG 390 
Arg Thr 
130 

IS 

(2) INFORMATIOK FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 433 base pairs 
20 (B) TYPE: nucleic acid 

(C) STRANDEDNESS : dotible 

(D) TOPOLOGY: linear 

MOLECULE TYPE: other nucleic acid, synthetic DNA 

2S (isc) FEATURES:. 

(A) NAME/KEY: sig peptide 

(B) LOCATION: -19,. -1 

(C) IDENTIFICATION METHOD:* S 
{A) NAME/KEY: domain 

(B) LOCATIW: 31, -35 

(C) IDENTIFICATION METHOD: S 

(D) OTHER INFORMATION: hyp^rvariable region 1 

(A) NAME/KEY: domain 

(B) LOCATION: 50.. 66 

<C) IDENTIFICATION METHOD: S 
{DJ OTHER INFORMATION: hypervariable region 2 
« (A) NAME/KEY: domain 

<B) LOCATION: 99.. 109 

(C) IDENTIFICATION METHOD: S 

(D) OTHER INFORMATION: hypervariable region 3 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

^ ATG GGA TGG AGC TGG ATC TTT CTC TTC CTC CTG TCA GGA ACT GCA GGT 48 

Met Gly Trp Ser Trp He Phe Leu Phe Leu Leu Ser Gly Thr Ala Gly 
1 5 10 15 . 

GTC CTC TCT GAG GTG CAG CTG GTG CAG TCT GGA GCA GAG GTG AAG AAG 96 
Val Leu Ser Glu Val Gin Leu Val Gin Ser Gly Ala Glu Val Lys Lys 
^ 20 25 30 

CCT GGG GCC TCA GTG AAG GTC TCC TGC AAG GCT TCC GGA TAC ACC TTC 144 
Pro Gly Ala Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe 
35 40 45 

SO ACT GAC TAC AAC ATG GAC TGG GTG AAG CAG AGC CCT GGA CAA GGG CTC 192 

Thr Asp Tyr Asn Met Asp Trp Val Lys Gin Ser 'Pro Gly Gin Gly Leu 
50 55 60 
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GAG TGG ATG GGA TAT ATT TAT CCT AAC AAT GOT GGT ACT GGC TAC AAC 240 
Glu Trp Met Gly Tyr He Tyr Pro Asn Asn Gly Gly Thr Gly Tyr Asn 
65 70 75 80 

CAG AAG TTC AAG AGC AAG GTC ACC ATT ACC GTA GAC ACA TCC ACG AGC 288 
Gin Lys Phe Lys Ser Lys Val Thr He Thr Val Asp Thr Ser Thr Ser 
85 90 95 

ACA GCC TAC ATG GAG CTG CAC AGC CTG AGA TCT GAG GAC ACG GCC GTG 336 
Thr AXa Tyr Met Glu Leu His Ser Leu Arg Ser Glu Asp Thr Ala Val 
100 105 110 

TAT TAC TGT GCG ACC TAC GGT CAT TAC TAC GGC TAC ATG TTT GCT TAC 384 
Tyr Tyr Cys Ala Thr Tyr Gly His Tyr Tyr Gly Tyr Met Phe Ala Tyr 
115 120 125 

IS TGG GGC CAG GGA ACC CTG GTC ACC GTC TCC TCA GCC TCC ACC AAG GGC 432 

Trp Gly Gin Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly 
130 135 14C 144 . 

C 433 

20 

(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHABACTERISTICS: 

(A) LENGTH: 390 base pairs 
<B) TYPE: nucleic acid 

2s (C) STRANDEDNESS: double 

(D) TOPOLOGY: linear . 

{11) MOLECULE TYPE: other nucleic arid, synthetic DNA 

(ix) FEATURES: 
^ (A) NAME/KEY: sig peptide 

(B) LOCATIC»J: -22.. -1 

(C) IDENTIFICATION METHOD: S 

(A) NAME/KEY: domain 

(B) LOCATION: 24.. 33 

(C) IDENTIFICATION METHOD; S 

(D) OTHER INFORMATION: hypervariabie region 1 
^ (A) NAME/KEY: domain 

(B) LOCATION: 49.. 55 

<C} IDENTIFICATION METHOD: S 

<D) OTHER INFCMOCATION: hypervariabie region 2 

(A) NAME/KEY: domain 

{B) LOCATION: 86. .96 

« (C) IDENTIFICATION METHOD: S 

(D) OTHER INFORMATION: hypervariabie region 3 

<xi} SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

ATG CAT TTT CAA GTG CAG ATT TTC AGC TTC CTG CTA ATC AGT GCC TCA 48 
45 Met His Phe Gin Val Gin lie Phe Ser Phe Leu Leu lie Ser Ala Ser 

15 10 15 

GTC ATA ATG TCC AGA GGA GAT ATC CAG CTG ACC CAG AGC CCA AGC AGC 96 

Val lie Met Ser Arg Gly Asp lie Gin Leu Thr Gin Ser Pro Ser Ser 
20 25 30 

50 

CTG AGC GCT AGC CCA GGT GAC AGA GTG ACC ATC ACG TGC AGT GCC AGC 144 

Leu Ser Ala Ser Pro Gly Asp Arg Val Thr lie Thr Cys Ser Ala Ser 

35 40 45 
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TCA AGT GTA AG7 TAC ATG CAC TGG TTC CAG CAG AAA CCl GGT AAG GCT 192 
Ser Set Val Ser Tyr Met His Trp Phe Gin Gin Lys ?rfr Gly Lys Aid 
50 55 60 

^ CCA AAG CTT TGG ATC TAC AGC ACA TCC AAC CTG GCT 7a GGT GTG CCA 240 

Pro Lys Leu Trp lie Tyr Ser Thr Ser Asn Leu Ala Ser Gly Val Pro 
65 70 75 80 

GCT AGA TTC AGC GGT AGC GGT AGC GGT ACA TCT TAC TCT CTC ACC ATC 288 
Ala Arg Phe Ser Gly Ser Gly Ser Gly Thr Ser Tyr Scr Leu Thr lie 
10 83 90 95 

AGC CGA CTC CAG CCA GAG GAC ATC GCT ACA TAC TAC TGC CAG CAA AGG 336 
Ser Arg Leu Gin Pro Glu Asp He Ala Thr Tyr Tyr Cy» Gin Gin Arg 
100 105 110 

IS AGT AGT TAC CCG TAC ACG TTC GGC GGG GGG ACC AAG GTS GAA ATC AAA 384 

Ser Ser Tyr Pro Tyr Thr Phe Gly Gly Gly Thr Lys Val Glu He Lys 
115 120 125 

CGT ACG 390 
Arg Thr 
130 



{2) INFOKMATION FOR SEQ ID NO: 12: 



25 



30 



(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH; 32 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid, synrhesic DNA 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 
CACTCAGT6T TAACTGAGGA GCAGGTGAAT TC 32 

35 (2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 40 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
^ (D) TOPOLOGY: linear 

(li) MOLECULE TYPE: other nucleic acid, synthetic DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

AGCTGAATTC ACCTGCTCCT CAGTTAACAC TGAGTGGTAC 40 

(2) INFORMATION FOR SEQ ID NO: 14: 

(1) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 21 base pairs 
50 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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<ii) MOLECULE TYPE: other nucleic acid, synthetic DHA 
(xi| SEQUENCE DESCRIPTION: SEQ ID NO; 14: 
AATTCGTACG GTGGCTGCAC C 



(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE: nucleic acid 
{C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other nucleic acid, synthetic DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

GGTGCAGCCA CCGTACG 



(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 
{A) LENGTH: 26 base pairs 
<B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 
CTCGCGACTA GTGGGCCCGC GGCCGC 



{2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 34 base pairs 
{B) TYPE: nucleic acid 
<C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(li) MOLECULE TYPE: other nucleic acid, synthetic DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 

AGCTGCGGCC GCGGGCCCAC TA6TCGCGAG GTAC 



(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA 



44 





EP0 882 794 A2 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 



GTGGCGGCCG CTTGGGCCCG 



20 



10 
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(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid, synthetic DMA 
(xi) SEQUENCE DESCRIPTION: SEQ ID N0:19: 
CGGGCCCAAG CGGCCGCCAC 20 



(2) INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other nucleic acid, synthetic DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:20: 
CATGAATTCT TCGTACGGTT CGATAAATCG . ATACCG 36 



(2) INFORMATION FOR SEQ ID NO: 21: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 40 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21: 
CGGTATCGAT TTATCGAACC GTACGAAGAA TTCATGAGCT 40 



(2) INFORMATION FOR SEQ ID NO:22: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 35 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22: 
CACGTTCGGA GGGGGGACCA AGCTGGAAAT AAAAC 35 
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(2) INFORMATION FOR SEQ ID NO: 23: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 35 base pairs 
(BJ TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other nucleic acid, synthetic DNA 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:23: 
GTACGTTTTA TTTCCAGCTT GGTCCCCCCT CCGAA 35 



(2) INFORMATION FOR SEQ ID NO: 24: 

<i) SEQUENCE CHARACTERISTICS; 

(A) LExVGTH: 61 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 
<D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other nucleic acid, synthetic DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24: 
TCGACACCAG CAAGAACACA GCCTACCTGA GACTCAGCAG CGTGACAGCC (XZCGACACCG 60 
C 61 



(2) INFORMATION FOR SEQ ID NO: 25: 

(i> SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 60 base pairs 

(B) TYPE: nucleic acid 
(C> STRANDEDNESS: double 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25: 

CCGGATACAC ATTCACTGAC TACAACATGG ACTGGGTGAG ACAGAGCCAT GGACGAGGTC 60 



(2) INFORMATION FOR SEQ ID NO:26: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 442 base pairs 

(B) TYPE: nucleic acid 
{O STRANDEDNESS: double 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA 
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(ix) FEATURES: 

(A) NAME/KEY; sig peptide 

(B) LOCATION: -19.,-1 

. (C) IDENTIFICATION METHOD: S 

(A) NAME/KEY: domain 

(B) LOCATION: 31.. 35 

(C) IDENTIFICATION METHOD: S 

(D) OTHER INFORMATION: hypervariable region 1 
(A) NAME/KEY: domain 

10 (B) LOCATION: 50. .66 

(C) IDENTIFICATION METHOD: S 

(D) OTHER INFORMATION: hypervariable region 2 

(A) NAME/KEY: domain 

(B) LOCATION: 99.. 109 

. (C) IDENTIFICATION METHOD: S 

(D) OTHER INFORMATION: hypervariable region 3 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:26: 

GGCCGCACC ATG GGA TG6 AGC T6G ATC TTT CTC TTC CTC CTG TCA GGA ACT 51 
50 Met Gly Trp Ser Trp lie Phe Leu Phe Leu Leu Ser Gly Thr 

1 5 10 , 

GCT GGT GTC CTC TCT CAG GTC CAA CTG CAG GAG AGC GGT CCA GGT CTT 99 
Ala Gly Val Leu Ser Gin Val Gin Leu Gin Glu Ser Gly Pro Gly Leu 
15 20 25 30 

25 

GTG AGG CCT AGC CAG ACC CTG AGC CTG ACC TGC ACC GTG TCC GGA TTC 147 
Val Arg Pro Ser Gin Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Phe 
35 '40 45 

ACC TTC AGC GAC TAC AAC ATG GAC TGG GTG AGA CAG CCA CCT GGA CGA 195 
^ Thr Phe Ser Asp Tyr Asn Met Asp Trp Val Arg Gin Pro Pro Gly Arg 

50 55 60 

GGT CTC GAG TGG ATT GGA TAT ATT TAT CCT AAC AAT GGT GGT ACT GGC 243 
Gly Leu Glu Trp He Gly Tyr He Tyr Pro Asn Asn Gly Gly Thr Gly 
35 65 70 75 

TAC AAC CAG AAG TTC AAG AGC AGA GTG ACA ATG CTG GTC GAC ACC AGC 291 
Tyr Asn Gin Lys Phe Lys Ser Arg Val Thr Met Leu Val Asp Thr Ser 
80 65 90 

40 AAG AAC ACA GCC TAC CTG AGA CTC AGC AGC GTG ACA GCC GCC GAC ACC 339 

Lys Asn Thr Ala Tyr Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr 
95 100 105 110 

GCG GTC TAT TAT TGT GCA ACC TAC GGT CAT TAC TAC GGC TAC ATG TTT 387 
Ala Val Tyr Tyr Cys Ala Thr Tyr Gly His Tyr Tyr Gly Tyr Met Phe 
^ 115 120 125 

GCT TAC TGG GGT CAA GGT ACC ACC GTC ACA GTC TCC TCA GCC TCC ACC 435 
Ala Tyr Trp Gly Gin Gly Thr Thr Val Thr Val Ser Ser Ala Ser Thr 
130 135 140 



so 



AAG GGC C 442 
Lys Gly 
144 
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(2) INFORMATIOK FOR SEQ 10 NO:27: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 442 base pairs 
5 <B) TYPE: nucleic acid 

(CJ STRANDEDNTSS: double 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA 

(ix) FEATURES: 

(A) NAME/KEY: sig peptide 

(B) LOCATION: -19, .-1 

(C) IDENTIFICATION METHOD: S 

(A) NAME/KEY: domain 

(B) LOCATION: 31., 35 

(C) IDENTIFICATION METHOD: S 

IS . (D) OTHER INF0RKATICM4: hypervariable region 1 

(A) NAME/KEY; domain 

(B) LOCATION: 50.. 66 

(C) IDENTIFICATION METHOD: S 

(D) OTHER INFORMATION: hypervariable region 2 
(A) NAME/KEY: domain 

20 <B) LOCATION: 99.. 109 

(C) iix:ntification method: S 

(D) OTHER INFORMATICS: hypervariable region 3 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27: 

GGCCGCACC ATG GGA TGG AGC TGG ATC TTT CTC TTC CTC CTG TCA GGA ACT 51 
25 Met Gly Trp Ser Trp lie Phe Leu Phe Leu Leu Ser Gly Thr 

1 5 10 

GCT GGT GTC CTC TCT CAG GTC CAA CTG CACT GAG AGC GGT CCA GGT CTT 99 
Ala Gly Val Leu Ser Gin Val .Gln Leu Gin Glu Ser Gly Pro Gly Leu 
15 20 25 30 

^ GTG AGG CCT AGC CAG ACC CTG AGC CTG ACC TGC ACC GTG TCC GGA TAC 147 

Val Arg Pro Ser Gin Thr Leu Ser Leu Thr Cys Thr Val Ser Gly Tyr 
35 40 . 45 

ACC TTC ACT GAC TAC AAC ATG GAC TGG GTG A6A CAG AGC CAT GGA CGA 195 
Thr Phe Thr Asp Tyr Asn Met Asp Trp Val Arg Gin Ser His Gly Arg 
^ 50 55 €0 

GGT CTC GAG TGG ATT GGA TAT ATT TAT CCT AAC AAT GGT GGT ACT GGC 243 
Gly Leu Glu Trp lie Gly Tyr lie Tyr Pro Asn Asn Gly Gly Thr Gly 
65 70 75 

40 TAC AAC CAG AAG TTC AAG AGC AGA GTG ACA ATG CTG GTC GAC ACC AGC 291 

Tyr Asn Gin Lys Phe Lys Ser Arg Val Thr Met Leu Val Asp Thr Ser 

80 85 90 

AAG AAC CAG TTC AGC CTG AGA CTC AGC AGC GTG ACA GCC GCC GAC ACC 339 
Lys Asn Gin Phe Ser Leu Arg Leu Ser Ser Val Thr Ala Ala Asp Thr 
95 100 105 110 
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GCG GTC TAT TAT TGT GCA ACC TAC GGT CAT TAC TAC GGC TAC ATG TTT 387 
Ala Val Tyr Tyr Cys Ala Thr Tyr Gly His Tyr Tyr Gly Tyr Met Phe 
115 120 125 

GCT TAC TGG GGT CAA GGT ACC ACC GTC ACA GTC TCC TCA GCC TCC ACC 435 
Ala Tyr Trp Gly Gin Gly Thr Thr Val Thr Val Ser Ser Ala Ser Thr 
130 135 140 



55 
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AAG GGC C 442 
Lys Giy 
144 

5 

(2) INFORMATION FOR SEQ ID NO: 28: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: JLQO base pairs 

(B) TYPE: nucleic acid 
10 iC) STRANDCDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid/ synthetic DMA 
<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26: 

IS 

CAG6AAACAG CTAT6ACGCG GCCGCCACCA TGGGATGGAG CTGGATCTTT CTCTTCCTCC 60 
TGTCAGGAAC TGCAGGTGTC CTCTCTGAGG TGCAGCTGGT 100 

20 (2) INFORMATION FOR SEQ ID NO: 29: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 100 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEIMESS: single 
^ (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:29: 

^ AGTCAGTGAA GGTGTATCCG GAAGCCTTGC AGGAGACCTT CACTGAGGCC CCAGGCTTCT 60 

TCACCTCTGC TCCAGACTGC ACCAGCTGCA CCTCAGAGAG 100 

{2} INFORMATION FOR SEQ ID NO: 30: 

^ (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 100 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

40 <ii) MOLECULE TYPE: other nucleic acid, synthetic DNA 

(xl) SEQUENCE DESCRIPTIC»I: SEQ ID NO: 30: 
CGGATACACC TTCACT6ACT ACAACATGGA CTGGGTGCGA CAGGCCCCTG GACAAGGGCT 60 
45 CGAGTGGATG GGATATATTT ATCCTAACAA TGGTGGTACT 100 

(2) INFORMATION FOR SEQ ID N0:31: 

(i) SEQUENCE CHARACTERISTICS: 
gQ (A) LENGTH: 94, base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



55 
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(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA 

ixi) SEQUENCE DESCRIPTION: SEQ ID NO: 31: 
AGCTCCATGT AGGCTGTGCT CGTGGATGTG TCTACG6TAA TGGTGACCTT GCTCTTGAAC 60 
TTCTGGTTGT AGCCAGTACC ACCATTGTTA GGAT 94 

(2) INFORMATION FOR SEQ ID NO: 32: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 96 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: Single 
ID) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid« synthetic DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 32: 
AGCACAGCCT ACATGGAGCT GCACAGCCTG AGATCTGAGG ACACGGCCGT GTATTACTGT 60 
GC6ACCTAC6 GTCATTACTA CGGCTACATG TTTGCT 96 

(2) INFORMATION FOR SEQ ID NO: 33: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 90 base pairs 

(B) TYPE: nucleic acid . 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other nucleic acid, synthetic DNA 

(xl) SEQUENCE DESCRIPTION: SEQ ID NO: 33: 
GTTTTCCCAG TCACGACGGG CCCTTGGTGG AGGCTGAGGA GACGGTGACC AGGGTTCCCT €0 
GGCCCCAGTA A6CAAACATG T/U^CGTAGT 90 

(2) INFORMATION FOR SEQ ID NO: 34: 

(i) SEQUENCE CHARACTERISTICS: 
<A) LENGTH: 68 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:34: 
GTACTACTGC CAGCAAAGGA GTAGTTACCC GTACACGTTC GGCGGGGGGA CCAAGGTGGA 60 
AATCAAAC 68 

(2) INFORMATION FOR SEQ ID NO: 35: 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:35: 
ACTCTGTCAC CTGGGCTAGC GCTCA 



(2) INFOIMATION FOR SEQ ID NO: 36: 

(i) SEQUENCE CHARACTERISTICS: 
{A) LENGTH: 25 base pairs 
(B) TYPE: nucleic acid 
<C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid, syr.thetic DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:36:- 

TGAGCGCTAG CCCAGGTGAC AGAGT 



(2) IKFORMATICttI FOR SEQ ID NO: 37: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 390 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other nucleic acid, synthetic DNA 

(ix) FEATURES: 

(A) NAME/KEY: sig peptide 

(B) LOCATION: -22.. -1 

(C) IDENTIFICATION METHOD: S 

(A) NAME/KEY: domain 

(B) LOCATION: 24.-33 

(C) IDENTIFICATION METHOD: S 

(D) OTHER INFORMATION: hypervariable region 1 

(A) NAME/KEY: domain 

(B) LOCATION: 49.-55 

(C) IDENTIFICATION METHOD: S 

(D) OTHER INFORMATION: hypervariable region 2 

(A) NAME/KEY: donain 

(B) LOCATION: 86. .96 

(C) IDENTIFICATIOT METHOD: S 

(D) OTHER INFORMATION: hypervariable region 3 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 37: 

ATG CAT TTT CAA GTG CAG ATT TTC AGC TTC CTG CTA ATC AGT GCC TCA 
Met His Phe Gin Val Gin lie Phe Ser Phe Leu Leu He Ser Ala Ser 
1 5 10 15 

GTC ATA ATG TCC AGA GGA GAT ATC CAG CTG ACC CAG AGC CCA AGC AGC 
Val He Met Ser Arg Gly Asp He Gin Leu Thr Gin Ser Pro Ser Ser 
20 25 30 
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CTG AGC GCT AGC CCA GGT GAC AGA GTG ACC ATC ACG TGC AGT GCC AGC 144 
L€U Ser Ala Ser Pro Gly Asp Arg Val Thr lie Thr Cys Ser Ala Ser 
35 40 45 

TCA AGT GTA AGT TAC ATG CAC TGG TAT CAG CAG AAA CCA GGT AAG GCT 192 
Ser Ser Val Ser Tyr Met His Trp Tyr Gin Gin Lys Pro Gly Lys Ala 
50 55 60 

CCA AAG CTT CTG ATC TAC AGC ACA TCC AAC CTG GCT TCT GGT GTG CCA 240 
Pro Lys Leu Leu lie Tyr Ser Thr Ser Asn Leu Ala Ser Gly Val Pro 
65 .70 75 . 80 

TCT AGA TTC AGC GGT AGC GGT AGC GGT ACA GAC TTC ACC TTC ACC ATC 288 
Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr lie 
85 90 . 95 

AGC AGC CTC CAG CCA GAG GAC ATC GCT ACA TAC TAC TGC CAG CAA AGG 336 
Ser Ser Leu Gin Pro Glu Asp lie Ala Thr Tyr Tyr Cys Gin Gin Arg 
100 105 110 

AGT AGT TAC CCG TAC ACG TTC GGC GGG GGG ACC AAG GTG GAA ATC AAA 384 
Ser Ser Tyr Pro Tyr Thr Phe Gly Gly Gly Thr Lys Val Glu lie Lys 
115 120 125 

CGT ACG 390 
Arg Thr 

130 . 

(2) INFORMATION FOR SEQ ID NO: 38: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 38: 
GTGCTGTAGA TCCAAAGCTT TGGAG 25 

(2) INFORMATION FOR SEQ ID NO: 39: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(il) MOLECULE TYPE: other nucleic acid, synthetic DNA 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 39: 
CTCCAAAGCT TTGGATCTAC AGCAC 25 
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(2) INFORMATION FOR SEQ ID NO: 40: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 390 base pairs 
^ (B) TYPE: nucleic acid 

(C) STRANDEDNESS: dotibXe 

(D) TOPOLOGY: linear 

Ui) MOLECULE TYPE: other nucleic acid, synthetic DMA 

10 (ix) FEATURES: 

(A) NAME/KEY: sig peptide 

(B) LOCATION: -22.. -1 

(C) IDENTIFICATIWJ METHOD: S 

(A) NAME/KEY: domain 

(B) LOCATION: 24.. 33 

IS (C) IDENTIFICATION METHOD: S 

(D) OTHER INFORMATION: hypervariable region 1 

(A) NAME/KEY: doiodin 

(B) LOCATION: 49-. 55 

(C) IDENTIFICATION METHOD: S 

(D) OTHER INFORMATION: hypervariable region 2 
(A) NAME/KEY: domain 
{B) LOCATION: 66.. 96 

(C) IDENTIFICATION METHOD: S 

(D) OTHER INFORMATION: hypervariable region 3 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:. 40: 

^ ATG CAT TTT CAA GTG CAG ATT TTC AGC TTC CTG CTA ATC AGT GCC TCA 49 

Met His Phe Gin Val Gin lie Phe Ser Phe Leu Leu lie Ser Ala Ser 
1 5 10 15 

GTC ATA ATG TCC AGA GGA GAT ATC CAG CTG ACC CAG AGC CCA AGC AGC 96 
Val lie Met Ser Arg Gly Asp lie Gin Leu Thr Gin Ser Pro Ser Ser 
30 20 25 30 

CTG AGC GCT AGC GTG GGT GAC AGA GTG ACC ATC ACG TGC AGT GCC AGC 144 
Leu Ser Ala Ser Val Gly Asp Arg Val Thr lie Thr Cys Ser Ala Ser 
35 . 40 45 

55 TCA AGT GTA AGT TAC ATG CAC TGG TAT CAG CAG AAA CCA GGT AAG GCT 192 

Ser Ser Val Ser Tyr Met His Trp Tyr Gin Gin Lys Pro Gly Lys Ala 
50 55 . 60 

CCA AAG CTT TGG ATC TAC AGC ACA TCC AAC CTG GCT TCT GGT GTG CCA 240 
Pro Lys Leu Trp He Tyr Ser Thr Ser Asn Leu Ala Ser Gly Val Pro 
65 70 75 80 



20 



40 



45 



50 



TCT AGA TTC AGC GGT AGC GGT AGC GGT ACA GAC TTC ACC TTC ACC ATC 288 
Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr He 
85 . 90 95 

AGC AGC CTC CAG CCA GAG GAC ATC GCT ACA TAC TAC TGC CAG CAA AGG 336 
Ser Ser Leu Gin Pro Glu Asp He Ala Thr Tyr Tyr Cys Gin Gin Arg 
100 105 110 

AGT AGT TAC CCG TAC ACG TTC GGC GGG GGG ACC AAG GTG GAA ATC AAA 384 
Ser Ser Tyr Pro Tyr ''Thr Phe Gly Gly Gly Thr Lys Val Glu He Lys 
115 120 125 

CGT ACG 390 
Arg Thr 
130 



55 
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(2) INFORMATION FOR S£Q ID NO: 41: 



U) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: linear 

(11) MOLECULE TYPE: other nucleic acid, synthetic ONA 
(xi) SEQUENCE DESCRIPTION: SEQ ID N0:41: 



ACGTAGCA6C ATCTTCAGCC TGGAG 25 



(2) INFORMATION FOR SEQ ID NO: 42: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

20 

(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 42: 
CTCCAGGCTG AAGATGCTGC TACGT 25 

25 

<2) INFORMATION FOR SEQ ID NO: 43: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 390 base pairs 
30 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA 

35 (ix) FEATURES: 

(A) NAME/KEY: sig peptide 

(B) LOCATION: -22., -1 

(C) IDENTIFICATION METHOD: S 
<A) NAME/KEY: donain 

(B) LOCATION: 24.. 33 
40 . (C) IDENTIFICATION METHOD: S 

(D) OTHER INFORMATION: hypervariable region 1 

(A) NAME/KEY: domain 

(B) LOCATION: 49.. 55 

(C) IDENTIFICATION METHOD: S 

(D) OTHER INFORMATION: hypervariable region 2 
^ (A) NAME/KEY: domain 

(B) LOCATION: 66. .96 

(C) IDENTIFICATION METHOD: S 

. (D) OTHER INFORMATION: hypervariable region 3 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 43: 

ATG CAT TTT CAA GTG CAG ATT TTC AGO TTC CTG CTA ATC AGT GCC TCA 48 
Met His Phe Gin Val Gin lie Phe Ser Phe Leu Leu lie Ser Ala Ser 
1 5 10 15 
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GTC ATA ATG TCC AGA GGA GAT ATC CAG CTG ACC CAG AGC CCA AGC AGC 96 
Val He Met Ser Arg Gly Asp He Gin Leu Thr Gin Ser Pro Ser Ser 
20 25 30 

CTG AGC GCT AGC GTG GGT GAC AGA GTG ACC ATC ACG TGC AGT GCC AGC 144 
Leu Ser Ala Ser Val Gly Asp Arg Val Thr He Thr Cys Ser Ali Ser 
35 40 45 

TCA AGT GTA AGT TAC ATG CAC TGG TAT CAG CAG AAA CCA GGT ML GCT 192 
Ser Ser Val Ser Tyr Met His Trp Tyr Gin Gin Lys Pro Gly Lys. Ala 
50 55 60 

CCA AAG CTT CTG ATC TAC AGC ACA TCC AAC CTG GCT TCT GGT GTt CCA 240 
Pro Lys Leu Leu He Tyr Ser Thr Ser Asn Leu Ala Ser Gly Val Pro 
65 70 75 80 

TCT AGA TTC AGC GGT AGC GGT AGC GGT ACA GAC TTC ACC TTC ACT ATC 288 
Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Phe Thi He 
85 90 93 

AGC AGC CTC CAG GCT GAA GAT GCT GCT ACA TAC TAC TGC CAG CMi AGG 336 
Ser Ser Leu Gin Ala Glu Asp Ala Ala Thr Tyr Tyr Cys Gin Glx Arg 
^ 100 105 110 

AGT AGT TAC CCG TAC ACG TTC GGC GGG GGG ACC AAG GTG GAA ATT AAA 384 
Ser Ser Tyr Pro Tyr Thr Phe Gly Gly Gly Thr Lys Val Glu 12x Lys 
115 120 125 

^ CGT ACG 390 

Arg Thr 
130 



10 



IS 



30 



35 



(2) INFORMATION FOR'SEQ ID NO:44: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs • 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA 
(xi) SEQUENCE DESCRIPTION: S£Q ID NO: 44; 
ATGGTGAAAG AGTAAGATGT ACCGC 25 

40 

(2) INFORMATION FOR SEQ ID NO: 45: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 25 base pairs 
45 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE; other nucleic acid, synthetic DNA 
so ir.i) SEQUENCE DESCRIPTION: SEQ ID NO: 45: 

GCGGTACATC TTACTCTTTC ACCAT 25 
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(2) INFORMATION FOR SEQ ID N0:4€: 

(i) SEQUENCE CHARACTERISTICS: 
g (A) LENGTH: 390 base pairs 

- (B) TYPE: nucleic acid 

(C) STRANCEDNESS : double 

(D) TOPOLOGY: linear 

<ii) MOLECULE TYPE: other nucleic acid, synthetic ONA 

(ix) FEATURES: 

(A) KAME/KEY: sig peptide 

(B) LOCATION: -22,. -1 

(C) IDENTIFICATION METHOD: S 
(A) NAME/KEY: domain 

<B) LOCATION: 24.. 33 

IS (C) IDENTIFICATION METHOD: S 

{D) OTHER INFORMATION: hypervariable region 1 

(A) NAME/KEY: doraain 

(B) LOCATION: 49.. 55 

(C) IDENTIFICATION METHOD: S 

(D) OTHER INFORMATION: hypervariable region 2 
20 <A} NAME/KEY: domain 

{B) LOCATION: 86.. 96 

(C) IDENTIFICATION METHOD: S 

(D) OTHER INFORMATION: hypervariable region 3 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:46: 

^ ATG CAT TTT CAA GTG CAG ATT TTC AGC TTC CTG CTA ATC AGT GCC TCA 48 

Met His Phe Gin Val Gin lie Phe Ser Phe Leu Leu lie Ser Ala Ser 
1 5 10 . 15 

GTC ATA ATG TCC AGA GGA GAT ATC CAG CTG ACC CAG AGC CCA AGC AGC 96 
Val lie Met Ser Arg Gly Asp He Gin Leu Thr Gin Ser Pro Ser Ser 

^ . 20 25 30 

CTG AGC GCT AGC CCA GGT GAC AGA GTG ACC ATC ACG TGC AGT GCC AGC 144 
Leu Ser Ala Ser Pro Gly Asp Arg Val Thr He Thr Cys Ser Ala Ser 
35 , 40 45 

35 TCA AGT GTA AGT TAC ATG CAC TGG TAT CAG CAG AAA CCA GGT AAG GCT 192 

Ser Ser val Ser Tyr Met His Trp Tyr, Gin Gin Lys Pro Gly Lys Ala 
50 55 60 



40 



CCA AAG CTT TGG ATC TAC AGC ACA TCC AAC CTG GCT TCT GGT GTG CCA 240 
Pro Lys Leu Trp He Tyr Ser Thr Ser Asn Leu Ala Ser Gly Val Pro 
65 70 75 80 

TCT AGA TTC AGC GGT AGC GGT AGC GGT ACA TCT TAC TCT TTC ACC ATC 288 
Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Ser Tyr Ser Phe Thr He 
85 90 95 

^ AGC AGC CTC CAG CCA GAG GAC ATC GCT ACA TAC TAC TGC CAG CAA AGG 336 

Ser Ser Leu Gin Pro Glu Asp He Ala Thr Tyr Tyr Cys Gin Gin Arg 
100 105 110 

AGT AGT TAC CCG TAC ACG TTC GGC GGG GGG ACC AAG GTG GAA ATC AAA 384 
Ser Ser Tyr Pro Tyr Thr Phe Gly Gly Gly Thr Lys Val Glu He Lys 
115 120 125 



so 



CGT ACG 390 
Arg Thr 
130 
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{2) INFORMATION FOR SEQ ID NO: 47: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 40 base pairs 
* {B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other nucleic acid, synthetic DNA 
(xij SEQUENCE DESCRIPTION: SEQ ID NO: 47: 
TCTGGCTCCA TTCGGCTGAT GGTGAAAGAG TAAGATGTAC 40 



15 



20 



30 



(2) INFORMATION FOR SEQ ID NO: 48: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 40 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 48: 
GTACATCTTA CTCTTTCACC ATCAGCCGAA TGGAGCCAGA 40 

(2) INFORMATION FOR SEQ ID NO:49: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 390 base pairs 

(B) TYPE:, nucleic acid 
<C) STRANDEDNESS: double 
(D). TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA 

(ix) FEATURES: 
^ {A) NAME/KEY: sig peptide 

(B) LOCATION: -22.. -1 

(C) IDENTIFICATION METHOD: S 

(A) NAME/KEY: domain 

(B) LOCATION: 24.. 33 

(C) IDENTIFICATION METHOD: S 

^ (D) OTHER INFORMATION: hypervariable region 1 

(A) NAME/KEY: doxnain 

(B) LOCATION: 49.. 55 

(C) IDENTIFICATION METHOD: S 

{D) OTHER INFORMATION: hypervariable region 2 
<A) . NAME/KEY: domain 
45 (B) LOCATION: 86.. 96 

(C) IDENTIFICATION METHOD: S 

(D) OTHER INFORMATION: hypervariable region 3 

SEQUENCE DESCRIPTION: SEQ ID NO: 49: 

SO ATG CAT TTT CAA GTG GAG ATT TTC AGC TTC CTG CTA ATC AGT GCC TCA 48 

Met His Phe Gin Val Gin He Phe Ser Phe Leu Leu He Ser Ala Ser 
1 5 10 ,15 
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GTC ATA ATG TCC AGA GGA GAT ATC CAG CTG ACC CAG AGC CCA AGC AGO 96 
Val lie Met Ser Arg Gly Asp He Gin Leu Thr Glr* Ser Pro Ser Ser 
20 25 30 - 

CTG AGC GCT AGC CCA GGT GAC AGA GTG ACC ATC ACG TGC AGT GCC AGC 144 
Leu Ser Ala Ser Pro Gly Asp Arg Val Thr He Thr Cys Ser Ala Ser 
35 40 45 

TCA AGT GTA AGT TAG ATG CAC TGG TAT CAG CAG AAA CCA GGT AAG GCT 192 
Ser Ser Val Ser Tyr Met His Trp Tyr Gin Gin Lys Pro Gly Lys Ala 
50 55 60 

CCA AAG CTT TGG ATC TAC AGC ACA TCC AAC CTG GCT TCT GGT GTG CCA 240 
Pro Lyi3 Leu Trp He Tyr Ser Thr Ser Asn Leu Ala Ser Gly Val Pro 

65 ,70 75 80 

IS TCT AGA TTC AGC GGT AGC GGT AGC GGT ACA TCT TAC TCT TTC ACC ATC 288 

Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Ser Tyr Ser Phe Thr He 
85 90 95 

AGC CGA ATG GAG CCA GAG GAC ATC GCT ACA TAC TAC TGC CAG CAA AGG 336 
Ser Arg Met Glu Pro Glu Asp He Ala Thr Tyr Tyr Cys Gin Gin Arg 
20 100 105 110 

AGT AGT TAC CCG TAC ACG TTC GGC GGG GGG ACC AAG GTG GAA ATC AAA 384 
Ser Ser Tyr Pro Tyr Thr Phe Gly Gly Gly Thr Lys Val Glu He Lys 
115 120 125 

25 CGT ACG 390 

Arg Thr 
130 
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(2) INFOJRMATION FOR SEQ ID NO: 50: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE; other nucleic acid/ synthetic SNA 
{xl) SEQUENCE DESCRIPTION: SEQ ID MO: 50: 
TTCT6CTGGA ACCAGTGCAT 20 

(2) INFORMATION FOR SEQ ID NO: 51: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDKESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 51: 
ATGCACTGGT TCCAGCAGAA 20 
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(2) INFORMATION FOR SEQ ID KO:52: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 390 base pairs 
^ (fi) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA 

10 (ix) FEATURES: 

(A) NAME/KEY: sig peptide 

(B) LOCATION: -22.. -1 

(C) IDENTIFICATION METHOD: S 

(A) NAME/KEY: domain 

(B) LOCATION: 24., 33 

iS (C) IDENTIFICATION METHOD: S 

(D) OTHER INFORMATION: hypervariable region 1 

(A) NAME/KEY: domain 

(B) LOCATION: 49.-53 

(C) IDENTIFICATION METHOD: S 

(D) OTHER INFORMATION: hypiervariable region 2 

(A) NAME/KEY: domain 

(B) LOCATION: 86., 96 

(C) IDENTIFICATION METHOD: S 

(D) OTHER INFORMATION: hypervariable region 3 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:$2: 

^ ATG CAT TTT CAA GTG CAG ATT TTC AGC TTC .CTG CTA ATC AGT GCC TCA 48 

Met His Phe Gin Val Gin He Phe Ser Phe Leu Leu He Ser Ala Ser 
1 5 10 15 

GTC ATA ATG TCC AGA G6A GAT ATC CAG CTG ACC CAG AGC CCA AGC AGC 96 
Val He Met Ser Arg Gly Asp He Gin Leu Thr Gin Ser Pro Ser Ser . 
30 20 25 30 

CTG AGC GCT AGC CCA GGT GAC AGA GTG ACC ATC ACG TGC AGT GCC AGC 144 
Leu Ser Ala Ser Pro Gly Asp Arg Val Thr He Thr Cys Ser Ala Ser 
35 40 45 

35 TCA AGT GTA AGT TAG ATG CAC TGG TTC CAG CAG AAA CCA GGT AAG GCT 192 

Ser Ser Val Ser Tyr Met His Trp Phe Gin Gin Lys Pro Gly Lys Ala 

50 55 €0 

CCA AAG CTT TGG. ATC TAC AGC ACA TCC AAC CTG GCT TCT GGT GTG CCA 240 
Pro Lys Leu Trp He Tyr Ser Thr Ser Asn Leu Ala Ser Gly Val Pro 
^ 65 . 70 75 80 

TCT AGA TTC AGC GGT AGC GGT AGC GGT ACA TCT TAC TCT TTC ACC ATC 288 
Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Ser Tyr Ser Phe Thr He 
85 90 95 

AGC AGC CTC CAG CCA GAG GAC ATC GCT ACA TAC TAC TGC CAG CAA AGG 336 
^ Ser Ser Leu Gin Pro Glu Asp He Ala Thr Tyr Tyr Cys Gin Gin Arg 

100 105 110 

AGT AGT TAC CCG TAC ACG TTC GGC GGG GGG ACC AAG GTG GAA ATC AAA 384 
Ser Ser Tyr Pro Tyr Thr Phe Gly Gly Gly Thr Lys Val Glu He Lys 
115 120 125 



SO 



CGT ACG ' 390 
Arg Thr 
130 
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(2) INFORMATION FOR SEQ ID NO: 53: 

(i) SEQUENCE CHARACTERISTICS: 
g (A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANOEDNESS : single 
<D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA 

(:<i) SEQUENCE DESCRIPTION: SEQ ID NO:53: 

TGGAGTCGGC TGATGGTGAG AGAGT 25 



IS 



20 



(2) INFORMATION FOR SEQ ID NO: 54: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANOEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA 
(xl) SEQUENCE DESCRIPTION: SEQ ID NO: 54: 
ACTCTCTCAC CATCAGCCGA CTCCA 25 

(2) INFORMATION FOR SEQ ID NO: 55: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 390 base pairs 

(B) TYPE: nucleic acid 
<C} STRANDEDNESS: double 

. (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other nucleic acid, synthetic DNA 

(ix) FEATURES: 

(A) NAME/KEY: sig peptide 

(B) LOCATKM^: -22.. -1 

(C) IDENTIFICATION METHOD: S 

(A) NAME/KEY: domain 

(B) LOCATICW: 24..33 ' 

(C) IDENTIFICATION METHOD: S 

^ (D) OTHER INFORMATION: hypervariable region 1 

(A) NAME/KEY: domain 

(B) LOCATION: 49.. 55 

(C) IDENTIFICATION METHOD: S 

(D) OTHER INFORMATION: hypervariable region 2 
(A) NAME/KEY: domain 

45 (B) LOCATI(»f: 86.. 96 

(C) IDENTIFICATION METHOD: S 

(D) OTHER INFORMATION: hypervariable region 3 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 55: 

50 ATG CAT TTT CAA 6TG CAG ATT TTC AGC TTC CTG CTA ATC A(GT GCC TCA 48 

Met His Phe Gin Val Gin He Phe Ser Phe Leu Leu He Ser Ala Ser . 
1 5 10 15 
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GTC ATA ATG TCC AGA GGA GAT ATC GAG CTG ACC CAG AGO CCA AGO AGC 96 
Val lie Met Ser Arg Gly Asp He Gin Leu Thr Gin Ser Pro Ser Ser 
20 25 30 

CTG AGC GOT AGC CCA GGT GAC AGA GTG ACC ATC ACG TGC AGT GCC AGC 144 
I*eu Ser Ala Ser Pro Gly Asp Arg Val Thr He Thr Cys Ser Ala Ser 
35 40 45 

TCA AGT GTA AGT TAC ATG CAC TGG TAT CAG CAG AAA CCA GGT AAG GCT 192 
Ser Ser Val Ser Tyr Met His Trp Tyr Gin Gin Lys Pro Gly Lys Ala 
50 55 60 

CCA AAG CTT TGG ATC TAC AGC ACA TCC AAC CTG GCT TCT GGT GTG CCA 240 
Pro Lys Leu Trp He Tyr Ser Thr Ser Asn Leu Ala Ser Gly Val Pro 
65 70 75 80 

TCT AGA TTC AGC GGT AGC GGT AGC GGT ACA TCT TAC TCT CTC ACC ATC 288 
Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Ser Tyr Ser Leu Thr He 
85 90 95 

AGC CGA CTC CAG CCA GAG GAC ATC GCT ACA TAC TAC TGC CAG CAA AGG . 336 
Ser Arg Leu Gin Pro Glu Asp He Ala Thr Tyr Tyr Cys Gin Gin Arg 
^ 100 105 lie 

AGT AGT TAC CCG TAC ACG TTC GGC GGG GGG ACC AAG GTG GAA ATC AAA 384 
Ser Ser Tyr Pro Tyr Thr Phe Gly Gly Gly Thr Lys Val Glu He Lys 
115 120 125 



10 
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CGT ACG 390 
Arg Thr 
130 

(2) INFORMATION FOR SEQ ID NO: 56: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 94 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEONESS: single 

(D) TOPOLOGY: linear 

(11) MOLECULE TYPE: other nucleic acid, synthetic DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 56: 
CAGGAAACAG CTATGACGAA TTCCACCATG CATTTTCAAG TGCAGATTTT CAGCTTCCTG 60 
CTAATCAGTG CCTCAGTCAT AATGTCCAGA GGAG 94 

(2) INFORMATION FOR SEQ ID NO: 57: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 88 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 57; 
ACAAGTGATG GTGACTCTGT CTCCTGGAGA TGCAGACATG GAGGATGGAG ACTGGGTCAG 60 
CTGGATGTCT CCTCTGGACA TTATGACT 88 

(2) INFORMATION FOR SEQ ID NO: 58: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 92 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

' (ii) MOLECULE TYPE: other nucleic acid, synthetic DNA 
<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 58: 
ACAGAGTCAC CATCACTTGT AGTGCAAGTT CAAGTGTAAG TTACATGCAC TGGTTTCAGC 60 
AGAAACCAGG GAAATCACCT AAGCTCTGGA TC 92 

(2) INFORMATION FOR SEQ ID NO:59: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 87 base pairs 

(B) TYPE: nucleic acid - 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 59: 
AAGATGTACC GCTACCGCTA CCGCTGAATC TAGATGGCAC ACCAGAAGCT AAATTTGAAG 60 
TTGAGTAGAT CCAGAGCTTA GGTGATT 87 



^ (2) INFORMATION FOR SEQ ID NO: 60: 

(i> SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 89 base pairs 

(B) TYPE: nucleic acid 
(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 60: 
TAGCGGTAGC GGTACATCTT ACTCTCTCAC CATCAGCAGC ATGCAGCCTG AAGATTTTGC 60 
AACTTATTAC TGTCAGCAAA GC^IGTAGTT 89 
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(2) INFORMATION FOR SEQ ID NO: 61: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 84 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid, synthetic I»IA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 61: 
GTTTTCCCAG TCACGACCGT ACQTTTGATT TCCAGCTTGG TCCCCTGGCC GAACGTGTAC 60 
GGGTAACTAC TCCTTTGCTG ACAG 84 



(2) INFORMATION FOR SEQ ID NO: 62: 

(i) SEQtJENCE CHARACTERISTICS: 

(A) LENGTH: 35 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 62: 
ACTCGAGGCT CTTTCCAGGG CTCTGCTTCA CCCAG 35 



(2) INFORMATION FOR SEQ ID NO: 63: 

(i> SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 35 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 63: 
CTGGGTGAAG CAGAGCCCTG GAAAGAGCCT CGAGT 35 



(2) INFORMATION FOR SEQ ID NO: 64: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 433 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA 
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(Ix) FEATURES: 

(A) NAME/KEY: sig peptide 

(B) LOCATION: -19.. -1 

(C) IDENTIFICATION METHOD: S 
S (A) NAME/KEY: domain 

(6) LOCATION: 31.. 35- 

(C) IDENTIFICATION METHOD: S 

(0) OTHER INFORMATION: hypervariable region 1 

(A) NAME/KEY: domain 

(B) LOCATION: 50.. 66 

10 (C) IDENTIFICATION METHOD: S 

(D) OTHER INFORMATION: hypervariable region 2 

(A) NAME/KEY: domain 

(B) LOCATION: 99., 109 

(C) IDENTIFICATION METHOD: S 

(D) OTHER INFORMATION: hypervariable region 3 

<xi} SEQUENCE DESCRIPTION: SEQ ID NO: 64: 

ATG GGA TGG AGC TGG ATC TTT CTC TTC CTC CTG TCA 6GA ACT GCA GGT 48 
Met Gly Trp Ser Trp lie Phe Leu Phe Leu Leu Ser Gly Thr Ala Gly 
1 5 10 15 

GTC CTC TCT GAG GTG CAG CTG GTG CAG TCT GGA GCA GAG GTG AAG AAG 96 
Val Leu Ser Glu Val Gin Leu Val Gin Ser Gly Ala Glu Val Lys Lys 
20 25 30 

CCT GGG GCC TCA GTG AAG GTC TCC TGC AAG GCT TCC GGA TAC ACC TTC 144 
Pro Gly Ala Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe 
^ 35 40 45 

ACT GAC TAC AAC ATG GAC TGG GTG AAG CAG AGC CCT GGA AAG AGC CTC 192 
Thr Asp Tyr Asn Met Asp Trp Val Lys Gin 'Ser Pro Gly Lys Ser Leu 
50 55 60 

30 GAG TGG ATG GGA TAT ATT TAT CCT AAC AAT GGT GGT ACT GGC TAC AAC 240 

Glu Trp Met Gly Tyr lie Tyr Pro Asn Asn Gly Gly Thr Gly Tyr Asn 
65 70 75 80 

CAG AAG TTC AAG AGC AAG GTC ACC ATT ACC GTA GAC ACA TCC ACG AGC 288 
Gin Lys Phe Lys Ser Lys Val Thr lie Thr Val Asp Thr Ser Thr Ser 
35 85 90 95 

ACA GCC TAC ATG GAG CTG CAC AGC CTG AGA TCT GAG GAC ACG GCC GTG 336 
Thr Ala Tyr Met Glu Leu His Ser Leu Arg Ser Glu Asp Thr Ala Val 
100 105 lie 

TAT TAC TGT GCG ACC TAC GGT CAT TAC TAC GGC TAC ATG TTT GCT TAC 384 
Tyr Tyr Cys Ala Thr Tyr Gly His Tyr Tyr Gly Tyr Met Phe Ala Tyr 
115 120 125 

TGG GGC CAG GGA ACC CTG GTC ACC GTC TCC TCA GCC TCC ACC AAG GGC 432 
Trp Gly Gin Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly 
130 135 . 140 144 

C 433 

(2) INFORMATION FOR SEQ ID NO: 63: 

50 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 
• {B) TYPE: nucleic acid 
' <C) STRANDEDNESS: single 
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(D) TOPOLOGY: linear 
(il) MOLECULE TYPE: other nucleic acid, synthetic DNA 
<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 65: 
TGTCCAGGGC TCTGCTTCAC CCAG 



(2) INFORMATION FOR SEQ ID NO: 66: 

<i) SEQUENCE CHARACTERISTICS: 
{A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

<ii) MOLECULE TYPE: other nucleic acid, synthetic DNA 
{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 66: 
CTGGGTGAAG CAGAGCCCTG GACA 



(2) INFORMATION FOR SEQ ID NO:67; 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(il) MOLECULE TYPE: other nucleic acid, synthetic DNA 
(xi) SEQUENCE DESCRIPTIW: SEQ ID NO: 67: 
TCTACGGTCA AGGTGGCCTT GCTCT 



(2) INiXDRKATION FCA SEQ ID NO: 68: 

(i) SEQUENCE CHARACTERISTICS: 
<A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other nucleic acid, synthetic DNA 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 68: 
AGAGCAAGGC CACCTTGACC GTAGA 



(2) INFORMATION FOR SEQ ID NO: 69: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 433 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLEtnJLE TYPE: other nucleic acid, synthetic DNA 



65 




EP0 882 794 A2 



(ix) FEATURES: 

(A) NAM£/K£Y: sig peptide 

(B) LOCATION: -19. .-1 

^ (C) IDENTIFICATION METHOD: S 

(A) KAME/KEY: domain 

(B) LOCATION; 31.. 35 

(C) IDENTIFICATION METHOD: S 

(D) OTHER INFORMATION: hypervarlable region 1 
(A) NAME/KEY: domain 

IB) LOCATION: 50.. 66 

(C) IDENTIFICATION METHOD: S 

(D) OTHER INFORMATION: hypervarlable region 2 

(A) NAME/KEY: domain 

(B) LOCATION: 99.. 109 

IS (C) IDENTIFICATION METHOD: S 

/ . (D) OTHER INFORMATION: hypervarlable region 3 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: €9: . 



20 



25 



ATG GGA TGG AGC TGG ATC TTT CTC TTC CTC CTG TCA GGA ACT 6CA GGT 48 

Met Gly Trp Ser Trp lie Phe Leu Phe Leu Leu Ser Gly Thr Ala Gly 
1 5 10 15 

GTC CTC TCT GAG GTG GAG CTG GTG CAG TCT GGA GCA GAG GTG AAG AAG 96 

Val Leu Ser Glu Val Gin Leu Val Gin Ser Gly Ala Glu Val Lys Lys 
20 25 30 

CCT GGG GCC TCA GTG AAG GTC TCC TGC AAG GCT TCC GGA TAC ACC TTC 144 

Pro Gly Ala Ser Val Lys Val Ser Cys Lys- Ala Ser Gly Tyr Thr Phe 
35 40 45 

30 ACT GAC TAC AAC ATG GAC TGG GTG CGA CAG GCC CCT GGA CAA GGG CTC 192 

Thr Asp Tyr Asn Met Asp Trp Val Arg Gin Ala Pro Gly Gin Gly Leu 

50 55 60 



35 



40 



GAG TGG ATG GGA TAT ATT TAT CCT AAC AAT GGT GGT ACT GGC TAC AAC 240 
Glu Trp Met Gly Tyr lie Tyr Pro Asn Asn Gly Gly Thr Gly Tyr Asn 
€5 70 75 80 

CAG AAG TTC AAG AGC AAG GCC ACC TTG ACC GTA GAC ACA TCC ACG AGC 268 
Gin Lys Phe Lys Ser Lys Ala Thr Leu Thr Val Asp Thr Ser Thr Ser 
85 90 95 . 

. ACA GCC TAC ATG GAG CTG CAC AGC CTG A6A TCT GAG GAC ACG GCC GTG 336 
Thr Ala Tyr Met Glu Leu His Ser Leu Arg Ser Glu Asp Thr Ala Val 
100 105 110 

TAT TAC TGT GCG ACC TAC GGT CAT TAC TAC GGC TAC ATG TTT GCT TAC 384 
45 Tyr Tyr Cys Ala Thr Tyr Gly His Tyr Tyr Gly Tyr Met Phe Ala Tyr 

115 120 125 

TGG GGC CAG GGA ACC CTG GTC ACC GTC TCC TCA GCC TCC ACC AAG GGC 432 
Trp Gly Gin Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly 
130 135 140 144 
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(2) INFORMATION FOR SEQ ID N0:70: 

*. (i> SEQUENCE CHARACTERISTICS: 
^ (A) LENGTH: 433 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid, synrhetic DNA 

iix) FEATURES: 

(A) NAME/KEY: sig peptide 

(B) LOCATION: -19.. -1 

(C) IDENTIFICATION METHOD: S 
(A) NAME/KEY: dmain 

IS (B) LOCATION: 31.;35 

{C) IDENTIFICATION METHOD: S 

(D) OTHER INFORMATION: hyper variable region 1 
(A) NAME/KEY: domain 

(B> LOCATION: 50. .66 

(C) IDENTIFICATION METHOD: S 

so (D) OTHER INFORMATION: hypervariable region 2 

(A) NAME/KEY: domain 

(B) LOCATION: 99.. 109 

(C) IDENTIFICATION METHOD: S 

(D) OTHER INFORMATION: hypervariable region 3 

25 <xi) SEQUENCE DESCRIPTION: SEQ ID NO: 70: 

ATG GGA TGG AGC TGG ATC TTT CTC TTC CTC CTG TCA GGA ACT GCA GGT 48 
Met Gly Trp Ser Trp lie Phe Leu Phe Leu Leu Ser Gly Thr Ala Gly 
i 5 10 15 

30 GTC CTC TCT GAG GTG CAG CTG GTG CAG TCT GGA GCA GAG GTG AAG AAG 96 

Val Leu Ser Glu Val Gin Leu Val Gin Ser Gly Ala Glu Val Lys Lys 
20 25 30 

CCT GGG GCC TCA GTG AAG GTC TCC TGC AAG GCT TCC GGA TAC ACC TTC 144 
Pro Gly Ala Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe 
35 35 40 45 

ACT GAC TAC AAC ATG GAC TGG GTG AAG CAG AGC CCT GGA AAG AGC CTC 192 
Thr Asp Tyr Asn Met Asp Trp Val Lys Gin Ser Pro Gly Lys Ser Leu 
50 55 60 

40 GAG TGG ATG GGA TAT ATT TAT CCT AAC AAT GGT GGT ACT GGC TAC AAC 240 

Glu Trp Met Gly Tyr He Tyr Pro Asn Asn Gly Gly Thr Gly Tyr Asn 
65 70 . 75 80 

CAG AAG TTC AAG AGC AAG GCC ACC TTG ACC GTA GAC ACA TCC ACG AGC 288 
Gin Lys Phe Lys Ser Lys Ala Thr Leu Thr Val Asp Thr Ser Thr Ser 
^ 85 90 95 

ACA GCC TAC ATG GAG CTG CAC AGC CTG AGA TCT GAG GAC ACG GCC GTG 336 
Thr Ala Tyr Met Glu Leu His Ser Leu Arg Ser Glu Asp Thr Ala Val 
100 105 110 

so TAT TAC TGT 6CG ACC TAC GGT CAT TAC TAC GGC TAC ATG TTT GCT TAC 384 

Tyr Tyr Cys Ala Thr Tyr Gly His Tyr Tyr Gly Tyr Met Phe Ala Tyr 
115 120 . 125 
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TGG GGC CAG G6A ACC CTG GTC ACC GTC TCC TCA GCC TCC ACC AAG GGC 432 
Trp Gly Gin Gly Thr Leu Vai Thr Val Scr Ser Ala Ser Thr Lya Gly 
130 135 140 144 

C 433 

(2) INFORMATION FOR SEQ ID NO: 71: 

(i) SEQUENCE CHARACTERISTICS: 

{A) LENGTH: 433 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDCDNESS : double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid, synthetic TXIA 

(ix) FEATURES: 

(A) NAME/KEY: sig peptide 

(B) LOCATION: -19.. -1 

<C) IDENTIFICATION METHOD: S . 

(A) NAME/KEY: domain 

20 (B) LOCATION: 31.. 35 

<C) IDENTIFICATION METHOD: S 

<D) OTHER INFORMATION: faypervariable region 1 

{A) NAME/KEY: domain 

<B) LOCATION: 50. .66 

(C) IDENTIFICATION METHOD: S 

2s (D) OTHER INFORMATION: hypervariable region 2 

(A) NAME/KEY: domain 
{B) LOCATION: 99.. 109 

(C) IDENTIFICATION METHOD: S. 

(D) OTHER INFORMATION: hypervariable region 3 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 71: 

ATG GGA TGG AGC TGG ATC TTT CTC TTC CTC CTG TCA GGA ACT GCA GGT 48 
Met Gly Trp Ser Trp lie Phe Leu Phe Leu Leu Ser Gly Thr Ala Gly 
1 5 10 15 

GTC CTC TCT GAG GTG CAG CTG GTG CAG TCT GGA GCA GAG GTG AAG AAG 96 
^ Val Leu Ser Glu Val Gin Leu Val Gin Ser Gly Ala Glu Val Lys Lys 

20 25 30 

CCT GGG GCC TCA GTG AAG GTC TCC TGC AAG GCT TCC GGA TAC ACC TTC 144 

Pro Gly Ala Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe 

35 40 45 

40 

ACT GAC TAC AAC ATG GAC TGG GTG AAG CAG AGC CCT GGA CAA GGG CTC 192 

Thr Asp Tyr Asn Met Asp Trp Val Lys Gin Ser Pro Gly Gin Gly Leu 

50 55- 60 

GAG TGG ATG GGA TAT ATT TAT CCT AAC AAT GGT GGT ACT GGC TAC AAC 240 
Glu Trp Met Gly Tyr lie Tyr Pro Asn Asn Gly Gly Thr Gly Tyr Asn 
65 70 75 80 

CAG AAG. TTC AAG AGC AAG GCC ACC TTG ACC GTA GAC ACA TCC ACG AGC 288 
Gin Lys Phe Lys Ser Lys Ala Thr Leu Thr Val Asp Thr Ser Thr Ser 
85 90 95 

^ ACA GCC TAC ATG GAG CTG CAC AGC CTG AGA TCT GAG GAC ACG GCC GTG 336 

Thr Ala Tyr Met Glu Leu His Ser Leu Arg Ser Glu Asp Thr Ala Val 
100 105 110 
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TAT. TAC TGT GCG ACC TAC GGT CAT TAG TAG GGC TAG ATG TTT GCT TAG 384 

Tyr Tyr Gys Ala Thr Tyr Gly His Tyr Tyr Gly Tyr Met Phe Ala Tyr 
115 120 125 

5 

TGG GGC GAG GGA ACC CTG GTC ACC GTC TCC TCA GCC TCC ACC AAG GGC 432 

Trp Gly 'Gin Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly 

130 135 140 144 

10 ,^ «3 

(2) INFORMATION FOR SEQ ID N0:72: . 

(1) SEQUENCE CHARACTERISTICS: 
1$ (A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA 

20 , . 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 72: 
TGAATCTAGC TiSGCACACCA 20 

^ ' (2) INFORMATION FOR SEQ ID NO: 73: 

(i) SEQUENCE CHARACTERISTICS: - 
<A) LENGTH: 20 base pairs 
(B) TYPE; nucleic acid 
30 (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid, synthetic DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 73: 

3S 

TGGTGTGCCA GCTAGATTCA 20 



40 

Claims 

45 1 . A human CDR-grafted antibody which speciticaJly reacts with gangitostde GM2. wherein said antflDody comprises 
CDR 1 , CDR 2 and GDR 3 of heavy chain (H chain) variable region (V region) comprising amino acid sequences 
of SEQ ID NO:1 . SEQ ID N02 and SEQ ID NO:3 or functional equivalents thereof, and CDR 1 . CDR 2 and CDR 
3 of light chain (L chain) V region comprising amino acid sequences of SEQ ID NO:4, SEQ ID NO:5 emd SEQ ID 
NO:6 or funclional equivalents thereof, and wherein at least one of the frameworks (FR) of said H chain and L chain 

50 V regions comprises an amino add sequence selected from common sequences (HMHCS; human most homolo- 
gous consensus sequence) derived from human antibody stbgrotps. 

2. The human CDR-grafted antilxxly according to daim 1 , wherein said FR is an amino add sequence of an FR of an 
HMHCS having a high homology with an FR of a monoclonal antitxxly originated from nonhunrw arimat wfiich 

55 spedficaily reacts with gangfiostdeGM2. 

3. The human CDR-grafted antibody according to claim 1 or 2. wheren said FR of H chain or L chain V region of the 
human CDR-grafted antibody comprises an amino add sequence in which at least one amino acid is replaced by 
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an other amino add, and wherein &aid antbody has antgen-binding activity and binding specif icrty comparable to 
those of a human chimeric antibody having a V region of a monoclonal antibody derived from nonhunran anlnrctl 
which specifically reacts vvith ganglioside GM2. 



5 4. The human CDR-grafted antibody according to any one of claims 1 to 3, wherein said FR of H chain or L chain V 
region of the human CDR-grafted antibody comprises an amino add sequence in which at least one amino acid is 
replaced by an other amino acid, and wherein said antibody has antibody dependent cell mediated cytotoxicity 
(ADCC) comparable to that of a human chimeric antitxxiy having a V region of a monodonal antibody derived from 
nonhunum aninrnl which specif icaDy reacts with ganglioside GM2' 

TO . 

& The human CDR-grafted antitxidy acoording to any one of daims 1 to 4, wherein said FR of H ctain or L chain V 
region of the human CDR-grafted antbody comprises an amino add sequence in which at least one amino acid is 
replaced by an other amino add, and wherein said antibody has complement dependent cytotoxidty (CDC) com- 
parable to that of a human chimeric antibody having a V region of a mormlonal antibody originated from nonhu- 

IS man animal which specifically reacts witii ganglioside GM2. 

6. The human CDR-grafted antibody according to any one of claims 3 to 5. wherein said ottier amino add is selected 
from amino adds in a position corresponding to the FR of the morv>donal anttxx^y derived from nonhuman animal. 

20 7. The human CDR-grafted antitxxfy according to any one of daims 3 to 6. wherein at least one amino add of posi- 
tions 38, 40. 67. 72. 84 and 98 in the FR of H chain V region and positions 4, 1 1 , 15. 35, 42, 46, 59, 69, 70, 71 , 72, 
76, 77 arxj 103 in the FR of L chain V region is replaced by an other amino actd. 

8. The human CDR-grafted antibody according to any one of daims 1 to 7. therein said H chain C region of the anti- 
25 body is derived from an aritibody belonging to the human antibody IgG class. 

9. The human CDR-grafted antibody according to any one of daims 1 to 4 and 6 to 8. which is KM8966 comprising 
the H chain V region of the antibody having an arreno add sequence of SEQ ID NO:7 and the L chain V region of 
the antibody having an amino add sequence of SEQ ID NO:6. 

30 ^ 

10. The human CDR-grafted antibody according to any one of claims 1 to 4 and 6 to 8, which is KM8967 comprising 
tfie H chain V region of the antibody having an amino add sequence of SEQ ID N0:7 and the L chain V region of 
the amibody having an amino add sequence of SEQ ID N0:9. 

35 11. The human CDR-grafted antibody and according to any one of daims 1 to 4 and 6 to 8, which is KM8970 compris- 
ing the H chain V region of the antibody having an amino add sequence of SEQ ID NO:10 and tfie L chain V region 
of the antibody having an amino add sequence of SEQ ID NO:8. 

12. The human CDR-grafted antibody according to any one of daims 1 to.8. which is KM8969 comprising the H chain 
.40 V region of the antibody tiaving an amino add sequence of SEQ ID NO:10 and the L chain V region of the antftxxiy 

having an Eunirx) add sequence of SEQ ID N0:1 1 . 

13. A DNA fragment encoding an amino acid sequence of the H chain V region and L chain V region of the antlxxiy 
according to any one of daims .^1 to 12. 

45 

14. A recombinant vector comprising the DNA fragment according to claim 13 or a part thereof. 

15. The recombinant vector according to daim 14, which is derived from a tandem cassette vector, pKANTEX 93, for 
expressing a human chimeric antibody and a human CDR-grafted antitjody. 

so 

16. A transfbmnant comprising the recombinant vector according to daim 14 or 15. 

17. A transfbmnant cell line KM8966 (FERM BP-5105). which produces the antibody KM8966 according to daiin 9. 
55 18. A transformant cell line KM8967 (FERf^ BP-5108). which produces the antibody KM8967 acconiing to claim 10. 

19. A transformant cell line KM8970 (FERM BP-5528). which produces the antibody KM8970 according to claim 1 1 . 



70 



EP0882 794A2 

20. A transfbrmant cell line KM8969 (PERM BP-5527). which produces the antibcxly KM8969 according to claim 12. 

21 . A method for producing the antibodies according to any one of claims 1 to 12 using said transfbrmant according to 
any one of claims 1 7 to 20. 

22. An anti-tumor agent comprising the antibody of any one of claims 1 to 12 as an active ingredient. 

23. A diagnostic agent for cancer comprising the antbody of any one of claims 1 to 12 as an active ingredient 
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